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ABSTRACT
Reliability Comparisons of Navajo Indian and American Cauca s ian Individuals Responding to Acoustic Stimuli from
Con v entional and Automatic Recording Audiometers
by

J. Clinton Harris, Master of science
Utah State University, 1972
The s is Director: Dr. Steven H. Viehweg
Department: Department of Communicative Disorders
A study was made to determine the reliability of Navajo
Indian and American Caucasian subjects to air conducted pure
tones.
Audiograms were obtained on 30 Navajo and 27 Caucasian
sub jects as they responded to pure tones presented via a
conventional audiometric technique and also via an automatic
recording technique.
One audiogram via conventional audiometry and one audiogram via automatic audiometry were obtained on the same
day.

Replications of the same tests were administered on

the following day.
Statistical analysis of the data was employed to determine the reliability of repeated test measurements.

Mean

threshold differences, standard deviations, Student's "t"
test and analysis of variance were all utilized in making
these determinations.
The test results revealed the reliability to be beyond

acceptable limits, according to previous research, unner all
test conditions except condition one.

Statistical signif-

icance was demonstrated at all four conditions.

Significant

differences between performance of the two populations involved were not shown.

However, differences due to changing

conditions were demonstrated.
(130 pages)

INTRODUCTION
During the past four academic years the Department of
Aud iology-Speech Pathology at Utah State University has
been involved in an intensive clinical research program inv olving hearing testing of Navajo Indian students at the
Intermountain School in Brigham City, Utah.

A comprehen-

sive program has been designed and implemented whereby each
s tudent is given an audiological screening test on an
annual basis.

Students who pass the hearing screening

testing procedure are assumed to have hearing capabilities
which are within normal limits.

Students who fail the

screening test, however, are examined in depth audiologically to determine both the extent and type of hearing
loss.

If, in fact, the hearing loss is significant, the

stud ent is also examined in depth medically to determine if
physical irregularity or pathology exists within the outer
or middle ear.

The student is also examined by a special-

ist who assesses his educational standing.

The purpose of

the later inquiry is an attempt to determine the handicapping effects of the hearing loss, if any, on educational
achievement.
Initial hearing screening at the Intermountain School
has been producing about a twenty percent failure rate
among the Navajo students, whereas the failure rate in the
American Caucasian school population has been reported to
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be about three to five percen t
v e rman, 1966 1 Fowler, 1959).

(Newby, 196 41 Davis and SilIt, therefore, becomes ex-

treme l y important that the screening techniques used be
bot h efficient and reliable.

The tool currently used for

the p u r pose o f screen i ng is a bank o f five automatic re c o rd ing audiometers (Rudmose, Model ARJ-4A).
The reliability of test results obtained when using
c o nve nti o nal pure tone audiometric techniques to test Caucasian persons has been shown to be within

~

5 dB (Witting

and Hughs on, 19401 Chaiklin, Ventry and Barrett, 1961).
However ,

reliabi~ity

of test results from Navajo students

us i ng the automatic recording audiometers have been informally questioned by various examiners.

Occasionally stu-

dents who have failed screening tests on Rudmose equipment
have been found to have hearing sensitivity within normal
limits when tested thoroughly by conventional techniques.
This apparent discrepancy has been the motivating force behind the current study.
d uc ible phenomena.

If,

Science is concerned with reproin fact, these pure tone audio-

metric test results are reliable, they are reproducible.
In view of the fact that questions have risen relative to
the reliability of pure tone test results obtained from
Navajo Indian adolescents with an automatic recording audiometer, the current study was designed to answer the basic
q uestion :

Are pure tone audiometric test results obtained

from Navajo Indian adolescents reliable?
To answer the question, a test-retest reliability

3

study was conducted in the present research.

Navajo Indian

students and Caucasian students in the same age range were
tested to obtain data relative to the reliability of audiometric pure tone air conduction thresholds using an automatic recording audiometer and using a conventional audiometer.

More specifically, the study was designed to

answer the following research questions:
1.

What is the audiometric pure tone air conduction

test-retest reliability of Navajo Indian subjects using a
conventional pure tone audiometer?
2.

What is the test-retest reliability of Navajo

Indian subjects using an automatic recording audiometer?
3.

Are test results the same with the automatic aud-

iometer as with the conventional audiometer when both tests
are administered on the same day to Navajos?
4.

What is the test-retest reliability of Caucasian

subjects using a conventional pure tone audiometer?
5.

What is the test-retest reliability of Caucasian

subjects using an automatic recording audiometer?
6.

Are test results the same with the automatic aud-

iometer as with the conventional audiometer when both tests
are administered on the same day to Caucasians?
The review of literature is concerned primarily with
the reliability associated with the two auditory test
measures used in the current research, i.e. pure tone air
conduction audiometry utilizing a conventional audiometer
and pure tone air conduction audiometry utilizing an auto-

4

matic recording audiometer.

Some studies are also cited

which discuss the test-retest reliability associated with
bone conduction audiometry.
The third chapter involves a discussion of methods of
procedure including a description of the physical setting
of the test environment, the instruments used in gathering
the data, ambient noise levels present during the testing
and the testing procedures.
The results of the current research were analyzed
statistically through use of Student's "t" test and through
use of double classification analysis of variance.
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REVIEW OF LITERATURE
As pointed out in the first chapter, a number of comparisons were made between subject performance under original test and replicated test conditions for both Navajo
and Caucasian subjects.

Intragroup as well as intergroup

comparisons were carried out among the two sample populations.

These various comparisons were accomplished to

assist the clinical worker in determining the degree of
consistency or reliability inherent among Navajo subjects
when given auditory tests which have been standardized
largely with Caucasian subjects.
Important considerations in this chapter include:
definitions and discussion of reliability and a separate
discussion centered around the reliability of each of the
two audiometric techniques used in this study, i.e. conventional and automatic recording.
Definition of Reliability
Meaningful and valuable scientific endeavor must be
based upon solid data.

Two factors with which the scien-

tist is often concerned are reliability and validity.

The

present study involves reliability but is not concerned
with the question of validity which, generally speaking,
refers to what a test score measures.

That is, the present

study is not concerned with whether the obtained test

6

scores are a true representation of each s ubject ' s sensitivi ty for hearing.

The question of validity is obviously

v ery important, but is beyond the scope of this study.

The

present study is concerned with reliability or reproduci bil it y o f test results.

With re spe c t to reliabil i ty, High

not es that:
One of the f i rst thing s we must do when inve s ti g ating a new area is to determine whether the phenomenon under investigation is a reliable one.
If it
is not, there is little point in c arrying the investi gation further.
This obvious point is often overlooked or ignored by many investigators.
(High, 1965,
p . 84)
T h is point was further supported by J e rger (1962, p. 3)
when he stated that,

"too often • • • notions of test-

retest consistency are almost entirely intuitive, based
larg ely on subjective feelings about a particular measure."
Jerger elaborated further by saying,

"Data on test-retest

reliability are crucial to t he clinical application of
virtually all auditory tests."
Knowledge of test-retest reliability is of great 1mp ortance to clinical workers because it provides the clinician with information which allows him to have confidence
in the repeatability of his test measurements.

The impor-

tance of correlation between test and retest is discussed
by High (1965, p. 84),

"When consistency or lawfulness of

results is accumulated from one experiment to another, we
begin to have confidence in the reliability of the response
measures even though evidence from a single expe riment is
not conv incing ."
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Accurate interpretation of test results cannot be made
until sufficient information pertaining to agreement
between thresholds of repeated tests is available.

The im-

portance of test-retest studies cannot be overemphasized.
Various studies refer to agreement (or discrepancy)
between test-retest measures in somewhat different terminology.

Carhart and Hayes (1949, p. 1085) use the term "re-

producibility of thresholds."

Witting and Hughson (1940,

p. 259) use "quantitative comparison," also "equality of
response."

Jerger (1962, p. 6) defines reliability as,

"repeatability of test scores."

It is this later defin-

ition to which the writer admits partiality and recommends
to the reader.
Reliability of Conventional Air Conduction Testing
Conventional audiometry is defined by the writer as:
pure tones presented through an air conduction receiver
with the intensity, duration of and interval between tones
being controlled by the examiner.

The reader will recog-

nize this as the psychophysical method of limits.

Reli-

ability of conventional pure tone air conduction audiometry
appears to serve as the standard against which each new
development in the method of obtaining audiometric responses is compared when determining its efficiency.

If,

in fact, the reliability of the new method of measurement
is statistically comparable to the reliability of conventional air conduction pure tone audiometry, it is generally
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accepted as a reliable and suitable method.

The relative

value of certain more modern methods of obtaining audiometric threshold information appears to be based upon this
single point.
The prototype of the modern electronic audiometer was
developed in 1921 by Guttman (O'Neill and Oyer, 1966).
Other units were soon introduced by Western Electric in
1922 and by Knudsen and Jones in 1924 (O'Neill and Oyer,
1966).

Studies conducted as early as the mid 1930's pro-

vided some information concerning reliability of pure tone
air conduction audiometry.

A study conducted on some 1400

Washington, D.C. school age (elementary through high
school) children by Ciocco (1936) revealed that boys and
girls were generally, equally consistent on successive
tests,

junior and senior high school students were markedly

less variable than elementary students and students with
the least amounts of hearing impairment showed the least
amount of variation on repetitive tasks.

The study also

indicated that variability was increased with increase in
hearing loss.
In a classical study carried out by Witting and
Hughson (1940), a total of 297 audiograms were obtained
from 17 patients ranging in age from 16 to 47 years.
iograms were obtained over a period of 2 to 28 months.

AudIt

was determined that pure tone threshold test-retest reliability at 1000 Hz for the normal ear is not greater than
~

5 dB.

This finding was also confirmed by Barrett (1959)
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and al so by Chaiklin, Vent r y and Barrett (19 6 1, p.
s t a te that ,

27~)

who

"A g enerally accepten c riterion o f reliability

for voluntary p ure tone auniometry is a test-retest nifference of no g reater than± 5 d B."

The same authors c laim

that t he i r own tests resul ts " • • • a g ree well with the ± 5
dB test-retest difference accepted as normal variability
f or pure tone audiometry."
work carr i ed out by Carhart and Jerger (1959, p. 335)
compared various testing procedures, which were often contradictory and sometimes complicated, to determine a preferred method for c linical determination of pure tone
thresholds.

These authors c laim that substantial evidence

exists to prove " • • • that moment-to-moment fluctuations
i n auditory sensitivity are often encompassed within a
range which is less than

five decibels."

Several

stud ies provine evidence which support this premise.

Ward

(1957) determined, by performing a number of tests on 12
e nlisted men, that approximately 50 percent of the testretest differences were less than 2.5 dB.

Wertheimer

(1955) used only three men in an investigation wherein he
d etermined that reliability was very small (1.22 dB) when
tests were administered daily over a span of 23 days.
Further studies conducted by Myers and Harris (1950) and
by Munson and Wiener (1950) also provide evidence that the
moment-to-moment variability of aunitory thresholds is very
small.
Work carried out in the Witting and Hughson (1940)
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study and supported by Chaiklin, Ventry and Barrett (1961)
has shown variability to be the same
stable organic pathology.

<±

5 dB) for ears with

Therefore, Chaiklin and Ventry

(1965, p. 185), who conducted a multi-disciplinary study of
functional hearing loss with 100 male veterans, concluded
that "a 15 dB shift in the absence of a known organic
reason is well beyond acceptable limits."
The reliability of pure tone air conduction audiometry
has also been supported by various studies designed to determine the repeatability of bone conduction measures.
While researching a clinical technique for calibrating
bone conduction units, Roach and Carhart {1956, p. 275) obtained air and bone thresholds on 127 normal ears and found
the " • • • correlation between the air and bone conduction
thresholds exhibited by individual subjects •

• to be

very good • • • • "

• in the

This high correlation " •

present instance adds greatly to the confidence we may have
in both air and bone conduction measurements • • • •
Jerger's {1962, p. 16) work involving 27 subjects with
sensorineural hearing loss was designed to assess reliability between test and retest.

An extensive battery of both

conventional and special auditory tests was administered.
Subjects were between the ages of 14 and 60 years.

Each

subject had been tested previously in the hearing clinic at
Northwestern University.

Results confirmed,

Hprevious

findings of Carhart and Hayes who found that the reliability of conventional bone conduction audiometry is com-
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p arable to conventional air conduction audiometry."

That

is, one can reasonably expect bone conduction thresholds
obtained on retest to be within

z

5 dB of the original

threshold measurement.
After comparing an initial audiogram with a second
audiogram for each patient in the Aural Rehabilitation Program at Deshon General Hospital, Carhart and Hayes (1949,
p. 1100) concluded that,

"the repeat accuracy of bone con-

duction measurements may be as good as that for air conduction thresholds when appropriate precautions are taken
in testing."
Sufficient evidence now seems to exist to support the
thesis that both air and bone conduction audiometry are reliable auditory measures when thresholds are obtained conventionally.

This point is well summarized by Tillman:

Those who have tended to distrust bone conduction
audiometry as a means of assessing sensorineural
acuity have often questioned its test-retest reliability. Whether it is carried out with the bone vibrator positioned on the mastoid process or in the
center of the forehead, there is now ample evidence
that the reliability of bone conduction tests is probably as good as that associated with air conduction
results.
(Tillman, 1963, p. 218)
It is not the direct purpose of this discussion to
cover all the literature dealing with reliability of bone
conduction audiometry, but rather to show

evi~ence

that the

standard to which it is compared when investigators
question its reliability is,
duction audiometry.

in fact, conventional air con-

The literature contains ample evidence

to show quite conclusively that both air and bone tech-
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niq ues are reliable test measures.
Reliability of Automatic Audiometry
Automatic audiometry as developed by George von Bekesy
(1947) in Europe and improved by Scott Reger (1952) in the
United States is becoming increasingly more important and
valuable to both the audiologist and otologist as a test in
measuring thresholds and in determining site of lesion in
the auditory system.

Reliability of results obtained with

the automatic technique, as with other measures, has been
assessed by comparing thresholds obtained via the automatic
recording technique with threshold results obtained via the
conventional technique.
Automatic audiometry utilizes the self-administration
principle originated by Bekesy (1947).

Classically, the

frequency of the tone automatically changes slowly throughout the test.

The intensity of the tone is controlled by

the subject and can be increased or decreased at will.
It has been demonstrated that automatic recording
audiometers will yield somewhat different thresholds (for
air conducted pure tones) relative to the type of pure tone
produced.

The audiometer designed or programmed to produce

interrupted tones will generally measure thresholds levels
as somewhat better than the audiometer that produces a
steady, continuous tone throughout the test.
Jerger and Carhart (1957) published the results of research obtained by comparing continuous with interrupted
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threshold tracings.
frequencies:

Threshold data were reported for three

250, 1000 and 4000 Hz.

The authors concluded

that for the high frequencies (above 1000 Hz) the measured
threshold (in SPL) was poorer for a continuous tone than for
an interrupted tone.

The authors, Jerger and Carhart (1957,

p. 3) also concluded that for various types of hearing loss
this difference may be " • • • considerably larger than the
average of 8.5 dB obtained on normal ears at 4000 c.p.s. in
the present results."
Additional research was later published by Jerger
(1960, p. 276) which related, in part, to " • • • the change
in threshold over time as the subject traces threshold at a
fixed frequency."

Jerger's analysis of threshold differ-

ences between interrupted and continuous tones yielded the
well known classifications of Bekesy tracings which are currently in wide clinical use and instrumental in the determination of site of lesion in the hearing impaired.
Research has also shown that interrupted tones produce
thresholds which are more similar to those obtained via the
air conducted conventional technique than do continuous
tones.

According to Jerger (1962), Bekesy audiograms ob-

tained with a continuous tone are less accurate than either
those obtained with an interrupted tone or via the conventional technique.

Jerger (1962, p. 12) states that,

"In

this group, at least, the Bekesy audiogram for a continuous
tone is not equivalent to the conventional au<'liogram."
Jerger also claims that,

"On the whole,

it may be reason-
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a bly concluded that audiograms based on Bekes y threshold
tracings for interrupted tones agree quite well with conventional audiometry and are equally reliable."

He further

states that when using the midpoint of the automatic tracing
as the threshold, Bekesy thresholds agree well with conventional measurements.
claims that,

In summary of his research, Jerger

"The Bekesy audiometer (utilizing an interrup-

ted tone) yields a pure tone air audiogram which is at least
as reliable as the conventional approach.

The reliability

of either approach (conventional or automatic) seems quite
satisfactory."
Several writers including Rodda have pronuced fragments
of evidence which raise some question as to the reliability
associated with Bekesy type audiometry.

Rodda (1964, p.

228) claimed that the Bekesy technique yields more variability than conventional audiometryr that it " • • • produces
aperiodic, cyclical variations in the absolute threshold •
• larger than the •

• method of limits, • • • that the

Bekesy method is less reliable when traced for long periods
at one frequency."
Additional research was published by Rodda (19n5, p.
673) in which he warned that "the Bekesy technique was found
to produce wide differences at both low and high frequencies."

Rodda does not, however, make clear whether the

stimulus tone employed in his research was lnterrupte<'l or
cont~inuous.

A study in which three separate audiometric techniques
were compared on a test-retest basis was conducte<'l by
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O 'Connell (1957, p. 2).

Two automatic techniques were com-

pared to a manual or conventional technique.
technique "
technic."

The manual

was neither an ascending nor a descending
Although not made clear by O'Connell the tech-

nique was very possibly one of his own design anrl was " •
• a method for obtaining a minimum consistant level of auditory acuity for a series of stimuli equivalent in intensity
levels and independent in time."
The second technique utilized was the SAM, Model 56-2
automatic audiometer which was designed to simulate a manual
technique.

A detailed report of the unit was originally

published by Brogan (1956).
The third method of obtaining thresholds was via a Rudmose automatic recording audiometer (Model ARJ-3) which produced a continuous tone.

The unit is almost identical to

the Rudmose equipment utilized in the current study.

A de-

tailed description of the Rudmose audiometer is includerl in
the following chapter.
O'Connell (1957, p. 4) found that the manual technique
was superior to both automatic aurliometers.

"Neither of the

automatic audiometers provided test-retest results which
were as reliable as the manual audiometer, except at 500 Hz
where the Rudmose showed higher retest reliability than
either the manual or the SAM audiometer."
A study by O'Connell and Baccaro (1959, p. 10) compared
thresholds obtained via the SAM 57-l automatic audiometer
with modified single descent and modified triple descent

tests.

Each subject was tested twice with each method .

series of comparisons were made.
fel t

A

In conclusion the authors

"it is fairly clear that for

• • any of the three

test techniques that the 'margin of error' all too frequently is greater than the clinically accepted range of
5 dB.

~

There actually appears to be little difference

between the three test technics--unfortunately they each
produce somewhat unreliable te s t-retest results."
Corso (1956) reported in a study comparing the midpoi nt of Bekesy tracings to the conventional threshold that
lower threshold values were obtained from the conventional
method than from Bekesy audiometry.
Thus,

it appears that a few investigators have serious

misgivings about the accuracy of thresholds obtained via
the automatic recording technique, especially when continuous tones are utilized as the auditory stimulus.
Research conducted by Hardick (1954) has been well
summarized by O'Neill and Oyer:
Hardick, in 1954, made a comparison of the
effectiveness of the Bekesy and a conventional audiometric technique with children ages six to eleven.
Specifically he attempted to determine which method
was the most consistant and accurate and whether or
not threshold values as obtained with the Bekesy
approach became smaller as a function of increased
age. He found that even though the conventional
approach seemed to yield more accurate and consistant
results than did the Bekesy test, there was a notable
lowering of auditory thresholds with both approaches
as a function of increased age. He concluded that the
Bekesy test can be administered to children ten years
of age and up with a fair degree of reliability.
(O'Neill and Oyer, 1964, p. 306)
A s tudy conducted by Price (1963, p. 69) has shown
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t hat "thresholds obtained with the Bek:esy method agreed with
purely ascending and descending approaches."
Automatic audiometry was utilized in a research study
designed to assess auditory skills related to successful use
of pilot dogs by the blind (O'Neill, Oyer and Bak:er, 1958).
This research involved comparison of Bek:esy and conventional
audiometry.

Results indicate that there was quite close

agreement between Bekesy (Reger Model) and conventional
(Maico E-2) audiometric results.
Additional information provided by Jerger (1962), Hardick (1954), Davis and Silverman (1966), O'Neill, Oyer and
Baker (1958) and Price (1963) all state that Bekesy audiometry is reliable as a measure of auditory sensitivity.
Thus, the literature demonstrates reasonably good
agreement that the automatic technique of determining air
conducted pure tone thresholds is generally quite reliable.
However, the automatic recording audiometer which produces
a continuous tone would appear to yield less accurate
threshold measurements than either the unit which produces
an interrupted tone or the conventional audiometric
approach.
Summary
The term "reliability" has been defined in the above
discussion as the "repeatability of test scores," and has
been shown to be a necessary consideration in scientific
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research.

The reliability of conventional pure tone aud-

iometry as a method for assessing auditory acuity has been
d iscussed and was a major factor in this discussion.

Lit-

erature has been cited to show that conventional audiometry
has a generally accepted test-retest reliability of

± 5 dB

and that the standard to which more modern audiometric
techniques have been compared is, in fact, the reliability
associated with the conventional audiometric technique.
Literature was cited which supports the thesis that bone
conduction audiometry is a reliable method of measuring the
auditory threshold.

This technique has demonstrated test-

retest reliability which is similar to that accepted for
and associated with the conventional technique.
Automatic audiometry has been reviewed in relation to
the reliability associated with it as a measure of auditory
acuity.

Research has been cited which points out that

thresholds obtained via interrupted tones (automatic audiometry) are generally as reliable as thresholds obtained
with conventional techniques.

Some evidence exists, how-

ever, which indicates that thresholds obtained automatically via continuous tones are less reliable than thresholds obtained with conventional audiometry.
The following chapter will include a discussion of the
procedures employed by the writer in gathering the data
utilized to test the original hypothesis of this study.
Discussion of the equipment used, subjects utilized and
details of test administration is in order.

19

METHODS OF PROCEDURE
Introduction
The purpose of the present study was to determine the
reliability of responses from Navajo and Caucasian subjects
on pure tone audiometric tests, viz. conventional audiometry and automatic recording audiometry.

In general

terms, the major concern leading to the design to be presented in the following pages relates to the fact that
threshold differences have been shown to exist when Navajo
Indian adolescents are tested via automatic recording audiometry as compared to thresholds obtained via the conventional technique.

The following methods and procedures

were employed in answering the question:

Are pure tone

audiometric test results obtained from Navajo Indian subjects reliable?
The basic approach to the problem was to select a
sample population of Navajo subjects and administer two
audiometric tests on a specified day.

One test was

ob~

technique~

the

tained utilizing the automatic recording

second test was obtained utilizing the conventional technique.

on the following day replications of the two tests

were given each subject.

Results obtained from Navajo sub-

jects were compared with results obtained from a sample
population of Caucasian subjects who were also given the
same tests and retests.

Mean threshold differences for
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each race were subjected to statistical analysis.
Experimental Subjects
The subjects for the experiment were thirty Navajo
students from the Intermountain School in Brigham City,
Utah, sixteen Caucasian students from Box Elder High School
i n Brigham City and eleven Caucasian students from Sky View
High School in Smithfield, Utah.

These students had pre-

viously been identified by the speech and hearing clinicians in the school districts as having a history of
hearing impairment.

Subjects consisted of both sexes.

The first criterion for subject selection dictated
that subjects should be of at least secondary school age.
This age group corresponds with the Indian students involved in the clinical research program being conducted by
Utah State University, which is designed to assess the
hearing acuity of Navajo students at the Intermountain
School.

For the particular population under consideration

students in grades nine through twelve were considered.
The mean grade level for the Navajo subjects was 10.5 and
for the Caucasian subjects 10.0 grade level was the mean.
The mean age level for the Navajo subjects was 15.9 and for
the Caucasian subjects 15.0 age level was the mean.

The

particular age range corresponding to the above grade level
is from 13 through 20 years.
The second criterion stated that each subject should
have a measurable hearing loss in order that repeat per-
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form an c e on a given test
p e rfo rma nce.

coul ~

be compared t o t he o ri g inal

Test frequencie s which did not indicate im-

p airment, for a given subject, were not considered in the
s tud y.

This was d one to assure the writ er that only im-

p a ire d th res hold s were being measured at each frequency.
The t ype of hearing loss was not considered an important
f a c tor .

Subjects with conductive, sensorineural and mixed

l os se s were all utilized.

The particular frequencies

a ffected by the hearing loss were not considered an import ant factor.

As mentioned above,

it was the intent of this

s tudy to assess the test-retest reliability of subjects
with impaired auditory thresholds.

The purpose was to com-

pare repeat performance on those test frequencies which
were impaired.

A comprehensive clinical evaluation de-

sig ned to determine or diagnosis the exact extent and type
of each subject's impairment was not undertaken.
was this information

avail~ble

Neither

from school or medical

rec ords on the majority of the subjects utilized in the
current s tudy.
The Navajo subjects used in the current study had been
previously screened (via automatic and/or conventional recording audiometric techniques) approximately five months
prior to the administration of the tests in the current
s tud y.

It has been shown by Zwislocki et al.

(1958) that

some improvement in threshold (automatic audiometry)
occurred in a second test.

However, very little practice

ef f e ct was shown on trials after the second test.
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The term " threshold" has been defined by Carhart and Jerger
( 1959, p. 334) as "the stimulus value at which there is a
50 percent chance that he [the subject] will perceive the
s timulus."

Caucasian subjects were not tested with auto-

ma t i c aud iometry prior to the current testing .

Conven-

tional audiometry was performed on each Caucas ian subject
by the s c hool district, but this testing preced ed the curre nt

s tud y by as much as three years and as little as

e i ght e en months.

The writer acknowledges that the "prac-

t ice effect" mentioned above may have exerted an improving
e ffect on the thresholds obtained by Navajo subjects and
recognizes this condition as a possible weakness of the
present study.
Navajo subjects were selected in a quasi-random manner
from Utah State University Speech and Hearing Center files
c ontaining Intermountain School screening data.
were arranged according to grade level.
iogram was selected.

Audiograms

Every fifth aud-

If the selection failed to meet the

c riteria, the fourth audiogram was selected.

Seven sub-

ject s from the ninth and eleventh grades and eig ht subjects
from the tenth and twelfth grades were selected.
The Caucasian subjects were selected on a non-random
basis since the examiner found it necessary to rely upon
volunteers from the school district records.

Twelve sub-

jects were at the ninth grade level, seven at the tenth
g rade level, four at the eleventh grade level and four at
the t wel f th grade level.

In as much as it was necessary to
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rely upon volunteer subjects, it was difficult to obtain a
large number of subjects.

Therefore, no attempt was made

to match Caucasian subjects with Navajo subjects according
to age or grade.
Physical Setting
All testing was accomplished in a sound treated room
at the Intermountain School.

(See Figure 1.)

Octave band sound pressure level readings in the test
room were taken periodically during each of the test days.
These readings (tabulated in Table 1) show the ambient
noise levels which were present in the test room when the
audiometric results were obtained.

The readings were ob-

tained with a sound level meter (Bruel and Kjaer, Model
2203) and accompanying octave band filter set (Bruel and
Kjaer, Model 1613).

The octave band filter set breaks down

the audio spectrum into several contiguous octave bands.
According to data compiled by Hirsh (1952) these noise
levels are not sufficiently intense to exert a "masking
effect" at 0 dB hearing level.
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Instruction Room
Video tape unit (Ampex, Model VM-9A)
Bank of five Rudmose (model ARJ-4A) automatic recording audiometers
Test boothes used with Rudmose equipment
Conventional audiometer (Beltone, Model 11-C)
Figure 1.

Physical setting and instrumentation of test facilities
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Table 1.

Octave Band sound Level Meter readings in dB (SPL)
of the ambient noise present in the testing room
on each test day as measured at periodic intervals

Center Frequency of
octave band in Hz

8:00 a.m.

Time of Reading
11:00 a.m.
2:00p.m.

Navajo {Day 1)
250
500
1000
2000
4000
6000

25
19
15
14
14
15.5

27
23
20
18
11
17

36

26
16
14
15
15
18

25
24
22
17
18
18

24
20
21
22.5
24.5

Navajo (Day 2)
250
500
1000
2000
4000
6000

36
36

15
16
15
16

Caucasian (DaY 1)
250
500
1000
2000
4000
6000

18
14
12
12
13

17

32
22
17
16
17
16

28
21
16
15
15

17

Caucasian (Day 2)
250
500
1000
2000
4000
6000

25
20
14
14
15
16

23
17
15
14
14
16

26
23
22
19
15
17
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Instrumentatio n
Beke sy type audiometers (Rudmose, Model ARJ-4A) were
utilized for obtaining the subjects' responses to automatic audiometry.

An example is shown in Figure 2.

These

audiometers were calibrated according to the International
Standards Org anization data of 19n4.

A complement of five

Rudmose units were used and are designed to operate in concert or individually1 thereby, allowing the examiner to
test a group of five subjects simultaneously.

The Rudmose

units produce continuous pure tones at each of the following six frequencies:
Hz.

250, 500, 1000, 2000, 4000 and 6000

Each of the six test tones is presented continuously

for a 30 second interval.

The intensity automatically in-

c reases or decreases at the rate of 5 dB per second.

The

intensity of the tone is continually varying in a direction
depending on the operation of a subject hand switch.

The

intensity is controlled by the subject and can be decreased
by pressing a remote control switch.

When the remote con-

trol switch is released, the audiometer automatically inc rease s the intensity of the tone.

Thus, the subject is

able to cross his own threshold at each frequency repeatedly during the examination.

The audiogram is attached to

a movable table on the audiometer.

This table is synchron-

ized with the time interval at each test frequency such
that when the 30 second time interval expires and a different frequency is produced by the audiometer, the audiogram
has been carried by the movement of the table an approp-
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riate distance and is in proper position to record the
tracings of the subject at the next test frequency.

During

this movement the subjects' responses to intensity are
printed on the audiogram with a typewriter ribbon which is
c oupled to the remote control switch.

Thus, each response

the subject makes during the test is automatically recorded
on the audiogram.

The subject continues to press and re-

lease the remote control switch during the entire six minute test.

During this time, both the left ear and right

ear are automat ica lly tested at each of the six frequencies.
Test results are recorded as a series of "peaks" and
"valleys."

(See Figure 3.)

The "valleys" represent the

points at which the subject just barely hears the tone.
The "peaks" represent the points at which the subject can
no longer hear the continuous tone.

The threshold is the

mean point between the differences of all the "peaks" and
"valleys" at a given frequency.
The Rudmose audiometers are equipped with earphones
(Telephonics, Model, TDH 39-lOZ) mounted in earphone
cushions (Type MX-41/AR).

Pure tones were presented to the

subjects while seated in individual testing boothes as
shown in Figure 1.
Con ventional audiometry was accomplished on an individual basis by the writer.

Testing was administered in

the same test room used for automatic audiometry as shown
in Figure 1.

A portable audiometer (Beltone, Model 11-C)
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calibrated to ISO 1964 standards was used.

The audiometer

was terminated in earphones (Telephonics, Model TDH 39-lOZ)
mounted in MX-41/AR earphone cushions.

Thresholds were ob-

tained for each ear at each of six test frequencies:

250,

500, 1000, 2000, 4000 and 6000 Hz.
Calibration of both the conventional and automatic recording audiometers was checked very carefully with a sound
level meter (Bruel and Kjaer, Model 2203) and associated
octave band filter set (Bruel and Kjaer, Model 1613) prior
to testing the Navajo subjects and again prior to testing
the Caucasian subjects.
Test Administration
Test instructions for the experiment were recorded on
a video tape recording unit (Ampex, Model VR-7000).

The

same unit, in conjunction with a television monitor (Ampex,
Model VM-9A), was used to play the test instructions for
each group of five subjects prior to the testing situation.
(See Figure 1.)

This approach was used to insure uniform-

ity of presentation of instructions.
The audio-visual recordings were made by Steven H.
Viehweg, Ph.D.

These monologues (Appendix A and B) have

been used quite extensively with the Navajo students at
Intermountain School and have been subjectively shown to be
quite successful with this population.
Each of the 57 subjects was tested individually with
conventional audiometry.

The subjects were in complements
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of f i ve when tested via automatic aud i o met r y.
The instructions (Appendix A) were presented to the
s ubjects via the video tape recording unit immediately
prior to administration of automatic audiometry.

The sub-

j ects were then seated individually in the five test
b oot hes shown in Figure 1.

Each subject's audiog ram wa s

then installed on the audiometer which corresponded to the
t e st booth in which the subject was seated.

After beg in-

n ing, the test was continued without interruption.

The

s ubjects faced a card on which was printed the words,
"Press when you hear • • • release when you don't."

The

test tone beginning from inaudibility, increased in intens ity until the subject just barely heard the tone in the
l eft ear.

The task was to press the remote control switch

when the tone was first heard and continue pressing as long
a s the tone was still audible.

When the tone became inaud-

ible, the task called for the subject to release the switch
which automatically caused an increase in the intensity of
the tone.

The test was six minutes in length.

were tested during this period.
first.

Both ears

The left ear was tested

Frequencies tested were 250, 500, 1000, 2000, 4000

and 6000 Hz.

Immediately after 6 000 Hz was completed in

the left ear, the tones were automatically switched to the
right ear and testing was begun at 250 Hz.

Every response

made by the subject (approximately 150 threshold crossings)
was automatically recorded without examiner error.

Auto-

matic audiometry preceded the conventional technique in
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each instance.
In s t ructions (Appendix B) were also pres ented to eac h
s ubject immediately before the conventional audiometric
t e s t.

These instructions were also presented via the vid eo

tape recorder.

The subject's task during conventional

t esting was simply to raise his hand when the tone was
h eard.

A modification of the Hughson-Westlake procedure

f or determining auditory threshold s as described by Carhart
and Jerger (1959) was used.

In order to more accurately

d etermine thresholds and reduce variability, auditory
t hresholds were determined to the nearest 2.5 dB.
Each subject was tested with automatic audiometry
during the same day on which he was tested with convent ion al audiometry.

The subject was seen ag ain the follow-

ing day for a replication of the above tests.
Summary
The present study was designed to determine reliability of responses from Navajo subjects to pure tone air conducted acoustic stimuli.
separate
first.

days~

Thresholds were obtained on two

the second day being a replication of the

Thresholds were obtained by both conventional aud-

iometry and by automatic recording audiometric techniques.
There were 30 Navajo and 27 Caucasian students utilized.

These subjects ranged in age from 13 through 20

years.

Each subject had a measurable loss of hearing.

The

p art i cular frequencies affected and type of hearing impair-
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ment were not thought to be significant.
Testing procedures were accomplished in a sound
treated room.

Ambient noise levels (octave bands) were

measured periodically throughout the testing and found to
be sufficiently low to allow assessment of thresholds without having a masking effect.

Instructions were presented

via a video tape unit to reduce variability in presentation
of test instructions.

A complement of five Bekesy type

(Rudmose, Model ARJ-4A) audiometers were utilized to determine thresholds via the automatic recording technique.
Conventional audiometry was performed utilizing a portable
audiometer (Beltone, Model 11-C).
During the first day of testing, each subject was
given two pure tone tests.
automatic recording

The first test was with the

audiometer~

whereas, the second set of

thresholds was obtained via the conventional technique.
Chapter four explains in detail the treatment of the
data collected from the subjects through the methods discussed above.
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RESULTS AND DISCUSSION
Introduction
Little, if anything, has been published concerning a
q uantitative comparison of repeat audiog rams obtained from
Navajo Indi an s .

The repeatability of aud iometr ic results

a mong t h i s population will remain in doubt until sufficient
research has been carried out to clarify the validity and
reliability of accepted hearing testing procedures.
There ha s been a certain amount of distrust among audiologis ts at Utah State University relative to the reliability of automatically obtained pure tone thresholds because of factors such a s language barriers, cultural backg round, unusually high incidence of ear pathology and various other related influences.

The present study was de-

signed to partially answer the question regarding the reliability of audiometric test results in this population.
The basic questions the current study was designed t o
an s wer are:
1.

Is there any significant differences between sub-

ject responses under the four test conditions, i.e. do
t h resholds vary as a result of utilizing different audiometric techniques and if s o, will the threshold s vary
enough to be statistically significant?
2.

How reliable are test-retest threshold measure-

ment s when utilizing a conventional audiometric technique?
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Are s i gni ficant differences between the race s d emon s trat e d?
3.

How reliable are test-rete s t threshol d mea s ure-

ment s when utilizing an automatic recording audiometer?
Are s ignificant differences between the races d emonstrated?
4.

Is there any difference between responses obtained

o n a n automatic recording audiometer and res p onses obtained
with a conventional audiometer when both techniques are
appl i ed on the same day?
Stat i stical Treatment of Data
The data collected for the current research involves a
number of variables,

i.e. subjects were comprized of two

races (Navajo and Caucasian), each subject yielded a total
of four test scores (two original tests and two replications), both right and left ears were included, s ix frequencies per ear were tested and a series of intra and
inter-race comparisons were carried out.
Statistical treatment of the data involved analysis of
a ser i es of "difference scores" obtained when comparing
t est with retest .

The procedure in computing each "differ-

ence score" was to subtract the threshold score obtained
(per frequency) on the retest from the corresponding score
on the original test.

Each "difference score• is a direct

numerical statement of the magnitude of the difference
between the original test and the retest.

Each subject was

given two different hearing tests (conventional and automatic) on each of two consecutive test days.

Thus, these
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four tests (two on each test day) yielded four sets of
"difference scores" for each of the six frequencies tested
per ear.
These various sets of "difference scores" were analysed statistically.

Each analysis involved an intrafre-

quency comparison of the four test conditions.

More spe-

cifically, the four test conditions mentioned are the differences obtained when making comparison between test vs
test and test vs retest.

Condition one is a comparison of

day one and day two test scores obtained with conventional
audiometry.

Condition two involves an evaluation of the

difference between day one and day two test scores on automatic audiometry.

Condition three involves a comparison of

the difference between conventional and automatic audiometric thresholds on day one.

Condition four represents a

measure of the difference between conventional and automatic recorded audiometric thresholds on day two.
In making these comparisons, the mean and the standard
deviation were computed for each test condition.
~t~

Student's

test was employed in determining whether differences in

means between comparison values were statistically significant.
In the experimental design of this study there are, of
course, two types of variability:

The variability of sub-

jects within each group and the variability of subjects between the different groups.

Since the current study in-

volves two races and the four test conditions mentioned
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above, the double classification analysis of v ariance technique was employed to provide an objective c riterion for deciding whether the variability between groups was large
enough in comparison with the variability within groups to
justify the null hypothesis that the difference between the
means was equal to zero.
Presentation of the Data for Left Ear
Inasmuch as the data was analysed statistically on an
intrafrequency basis, the presentation of data shall be by
frequency.

As mentioned, each ear was tested at six fre-

quencies1 namely at 250, 500, 1000, 2000, 4000 and 6000 Hz.
Since the left ear was tested first in each instance, data
shall be presented for the left ear first at each test frequency (250 through 6000 Hz) and will be followed by the
data from the right ear.

Presentation of data at each test

frequency will follow a discussion of the statistical procedures employed in testing the hypothesis.
Data presented for each frequency will show the results for both Navajo and Caucasian subjects when tested
under each of the four test conditions.

In this way, it is

hoped that, at a given frequency, the reader will more
easily be able to compare the performance of the races
under each test condition.

In preparation for the data,

the reader should remember that the null hypothesis asserts
that comparison of means between the original test and the
comparative test measure will not show significance differ-
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ences.

The means were derived by assessing the threshold

of hearing at each of the six test frequencies.
250 Hz-left ear
The first frequency to be tested was 250 Hz.
tone was presented to the left ear.

This

Data relative to the

results are presented below.
Table 2 shows the mean threshold differences in dB,
standard deviations and "t" scores obtained by Navajo and
Caucasian subjects under each of the four test conditions.
As can be seen from the table, the means of the "difference
scores" obtained by comparison of the four tests which were
administered are not relatively close to zero.

Thus, the

mean difference of test performance at this frequency is
indicative that the general level of functioning for the
subjects did not remain consistant from test to retest.
The greatest level of stability was under test condition
one (repeated tests using a conventional audiometer) where
the mean difference in performance for Navajo subjects was
3.33 dB and 3.75 dB for Caucasian subjects.
The reader will note that the least variability or
diversity also occurred under test condition one.

The

standard deviation scores for the Navajo subjects ranged
from 2.62 dB under condition one to 14.20 dB under condition two.

Standard deviation scores for Caucasian subjects

ranged from 2.58 dB to 8.68 dB under conditions one and
three respectively.

The mean differences in threshold and
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Table 2.

Mean difference scores, stand ard d eviations and
"t" scores for Navajo and Caucasian subjects
under test conditions one, two, three and four at
250 Hz-left ear

Mean differences
in dB

Standard
Deviation in dB

"til

"t

II

calculated

tabulated

2.62
2.58

6.23*
5.81*

2.064
2.120

14.20
8.21

3.30*
4. 53*

2.064
2.120

12.30
8.68

3. 86*
3.37*

2.01"4
2.120

5.32
4.13

6.24*
5.60*

2.064
2.120

Condition one (C]-C2)a
Navajo
Caucasian

3.33
3.75

Condition two ~AJ-A2)b
Navajo
Caucasian

9.56
9.29

Condition three (CJ-AJ)c
Navajo
Caucasian

9.68
7.32

Condition four ~C2-A2)d
Navajo
Caucasian

6. 77
5.78

*Significant at the .05 level.
ac1-C2: conventional audiometry on day one minus conventional audiometry on day two.
bAl-A2: automatic audiometry on day one minus automatic
audiometry on day two.
cc1-A1: conventional audiometry on day one minus automatic
d
audiometry on day one.
C2-A 2 : conventional audiometry on day two minus automatic
audiometry on day two.

standard deviations indicate that subjects of both races
remained relatively stable under condition one.

The other

three conditions were all beyond the accepted limits for
test-retest reliability studies.
Further statistical evidence emerged upon examination
of Student's "t" scores.

These data are also shown in
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Table 2.

When comparing the mean of the first test with

the mean of the second test the smallest "t" score obtained
under any of the four test conditions, for Navajo subjects,
was 3.30 dB (where 2.064 is requiren for siqnificance at
the .05 level) and 3.37 dB (where 2.120 is required for
significa nce) for Caucasian subjects.

Hence, the results

of the findings for both races at each of the four test
conditions can be interpreted a s indicating a significant
difference between mean thresholds obtained on the first
test versus mean thresholds obtained on the second test.
Thus, upon the basis of this evidence the null hypothesis,
which asserts that the difference between means is equal to
zero, should be rejected.

However, it should be noted that

the mean threshold differences (in dB) under condition one
are still within the commonly accepted limits of

z

5 dB.

It can be concluded with reasonable certainty that
differences in threshold performance as noted in the data
are related to the experimental treatment involved in the
four test conditions.

Differences this large would be ex-

pected to result from sampling error in less than 5 percent
of the samples collected.

Thus,

it may be concluded that

the indicated differences are representative of actual subject fluctuations rather than sampling error.
The writer cautions the reader against interpreting
Table 2 as a direct comparison of Navajo performance
against Caucasian performance.

The table,

rather, repre-

sents a comparison between the threshold obtained on the
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original test with the threshold obtained on the second
test.

Hence, a difference in dB between the two tests.
The data gathered for a test frequency of 250 Hz for

the left ear was subjected to an analysis of variance.

The

analysis examined three variables to determine the effect
of each upon the total performance demonstrated for a specified test frequency.

The "race" variable was examined to

d etermine what effect the experimental criteria had on the
responses of each race.

The "condition" variable examined

the effect on performance of each race under the four experimental test conditions.

The third variable was desig-

nated as being responsible for measuring the "interaction"
between the races and changing conditions.
Results of the analysis of variance technique are
shown in Table 3.

Table 3.

Examination of the table reveals that

Summary of analysis of variance data for two
races, four test conditions and interaction between conditions and races at 250 Hz-left ear

Variables

df

Race
Condition
Interaction
Experimental Error

1
3
3
152

Mean Squares
24.65
263.85
13.61
75.13

F

. 328
3.51 *
.181

*Significant at the .05 level.

the performance of Navajo subjects was not significantly
different from that of Caucasian subjects.

Performance of

Navajo subjects was essentially parallel or equal under
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each of the four test conditions to that of the Caucasian
subjects.

However, a significant amount of variation in

mean threshold was demonstrated by both races when test
conditions were changed.

Thus, as shown in Figure 4, both
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races responded similarly as test conditions changed1 however, the magnitude of difference in thresholds varied considerably as conditions were changed.

Therefore, the anal-

ysis of variance technique did not reveal any significant
variation in performance between the two races but did reveal significant differences in mean thresholds which are
shown to be related to the change of test condition.
It is therefore concluded that since the

"condition~

variable did achieve an F value (3.51) sufficient to exceed
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the required tabulated value of 2.60 the null hypothesis
should be rejected.

The "race" and "interaction" variables

did not achieve a tabulated F value sufficiently large to
reject the null hypothesis.
Thus, even though the large size of the "t" scores indicate that there were significant differences between the
means of the two tests compared under each of the four test
conditions, the mean threshold difference for both races is
still within

± 5 dB for conventional audiometry (condition

one).
The analysis of variance provided ample evidence upon
which to reject the null hypothesis for the condition variable, but did not allow rejection of the hypothesis for the
race or interaction variable.

Thus, the conclusion that

significant differences did not exist between the race's
performance on the test but that thresholds fluctuated from
one condition to another.
500 Hz-left ear
The second frequency to be discussed is 500 Hz.
tone was presented to the left ear.

This

The mean threshold

difference, standard deviations and "t" scores obtained by
both Navajo and Caucasian subjects are shown in Table 4.
Results are shown for all four test conditions.
As Table 4 indicates, the difference in dB between the
means of the first and second tests ranged from 3.46 to
8.77 dB for Navajo subjects under conditions one and three,
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Table 4.

Mean difference scores, stand ard deviation s and
"t " s cores for Navajo and Caucasian subjects
under test conditions one, two, three and four at
500 Hz-left ear

Mean differences
in dB

Standard
Deviation in dB

"til

litH

calculated

tabulated

2. 84
2. 50

6. 24*
3.88*

2. 05n
2.131

8.78
9.04

4. 21'*
3.58*

2.056
2.131

12.30
9.49

3.64*
3.24*

2.056
2.131

5.38
3.70

6.15*
4.82*

2.056
2.131

Condition one ICJ-C2)a
Navajo
Caucasian

3.46
2.50

Condition two (AJ-A2)b
Navajo
Caucasian

7. 34
8.34

Condition three (C]-AJ )c
Navajo
Caucasian

8.77
7.94

Condition four IC2-A2ld
Navajo
Caucasian

6.48
4.61

*Significant at the .OS level.
ac 1 -c2: conventional audiometry on day one minus conventional audiometry on day two.
bA1-A 2 : automatic audiometry on day one mJ.nus automatic
audiometry on day two.
cc1-A1: conventional audiometry on day one minus automatic
audiometry on nay one.
dc2-A2: conventional audiometry on day two minus automatic
audiometry on day two.

respectively.

The mean threshold difference for Caucasian

subjects ranged from 2.50 dB, under condition one, to 8.34
dB, under condition two.
The standard deviations for Navajo subjects also show
a rather wide range of variance.

The range was from 2.84

dB (condition one) to 12.30 dB (condition three).

Cau-
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c asian s ubjects showed a rang e in deviation scores from
2 .50 dB (condition one) to 9.49 dB at condition three.

The

mean difference in dB and standard deviations under condition one are within

~

5 dB which indicates relatively

g ood test-retest reliability.

The largest variance is pre-

sent for both races under condition three.

This seems to

be a general trend in the current study.
Further interpretation of the data was made possible
through application of Student's "t" test.

This technique

provided the writer with a method for analyzing the observed differences between the mean obtained on the first
test as compared to the mean obtained when the second test
was administered.

These data are also summarized in Table

4.
The contents of Table 4 are a summary of the data obtained on both Navajo and Caucasian subjects; however,
these results are not a direct comparison of Navajo vs Caucasian results.

The table is showing the differences in

obtained thresholds between the original test versus the
second test.

Results for each race are independent of the

other.
The calculated "t" score for Navajo subjects was sufficient under each of the four test conditions to exceed
the tabulated "t" value of 2.056 and to show significance
at the .05 level of confidence.

The findings for Caucasian

subjects were very similar in that significance at the

.as

level of confidence was also shown at each of the four con-
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ditions.

Therefore, upon these findings , the null hypo-

thes is, which states that the mean of the first test is
equal to the mean of the second, can be rejected in each
case.

It can, therefore, be reasonably concluded that test

dif ferences of this magnitude are a measurement of actual
subject fluctuations rather than sampling error.
To determine if test performance of Navajo subjects
was sig nificantly different from performance of Caucasian
subjects, the data gathered for a test frequency of 500 Hz
in the left ear was subjected to an analysis of variance
procedure.

This analysis also provided information re-

garding performance when test conditions were changedr and
also, whether the effect of changing test conditions had a
significant effect on the threshold performance of each
race,

i.e. did changing from condition one to condition two

cause the threshold to fluctuate significantly.
Results of the analysis of variance are shown in Table
5, and as shown, the computed F values fell far below the

Table 5.

Summary of analysis of variance data for two
races, four test conditions and interaction
between conditions and races at 500 Hz-left ear

Variables

df

Race
Condition
Interaction
Experimental Error

1
3
3
155

*Significant at .05 level.

Mean Squares
12.67
227.57
11.55
59.93

F

.211
3.80 *
.193
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tabulated F value for both the "race" an'l " interaction"
variables.

It is not possible, therefore, to reject the

null hypothesis (which states that the difference between
means is equal to zero) at the .05 level of confidence for
these variables.

However, the calculated F value for the

"condition" variable exceeded the tabulated F valuer and
therefore, the null hypothesis, which states that the mean
of the first test is equal to the mean of the second test,
shoul0 be rejected at the .05 level of confidence.

The

conclusion which emerges is that the performance of the
races under each of the four conditions was not significantly different.

The performance of the races was very

similar when administered the tests and retestsr but as
test conditions changed, thresholds of both races varied
significantly between the first and the second test under
each of the four separate test conditions.

This is shown

graphically in Figure 5.
The test results indicate that, for test frequency 500
Hz in the left ear, Navajo subject's response was almost
identical to the Caucasian subjects.

Figure 5 illustrates

(in graphic form) very parallel performance fr-om condition
to condition.

Although the performance of the two races is

parallel, the mean threshold differences vary considerably
from condition to condition.

These fluctuations were meas-

ured as true fluctuations in subject performance and cannot
be attributed to sampling error or chance.

No meaningful

interaction was demonstrated between the change of con-
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d itions (or experimental treatment) and the effect of such
change upon the performance of either race.
1000 Hz-left ear
The third test frequency to be discussed for the left
ear is 1000 Hz.
sented below.

Results of the cumulative data are preThe mean threshold differences, standard de-

vi ations and "t" scores obtained by both Navajo and Caucasian subjects are summarized in Table 6.

The table shows

the test results obtained under each of the four test cond itions for both Navajo and Caucasian subjects.

As the

table reveals, none of the means for either race under any
of the four test conditions are particularly close to zero
as postulated in the null hypothesis.

The smallest mean
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Table 6.

Mean difference scores, standard deviation and
"t" scores for Navajo and Caucasian subjects
under test conditions one, two, three and four at
1000 Hz-left ear

Mean differences
in da

Standard
Deviation in dB

Ut II

"t"
calculated

tabulated

4.21
3.17

4.89*
3. 74*

2.086
2.228

4.48
7.44

6.28*
3.05*

2.086
2.228

14.40
17.76

2.89*
1.84

2.086
2.228

10.71
9.07

3.16*
2.62*

2.086
2.228

Condition one (C]-C2)a
Navajo
Caucasian

4.60
3.75

condition two ~A]-A~)b
Navajo
Caucasian

6.30
7.18

Condition three (Cl-A])C
Navajo
Caucasian

9.30
10.32

Condition four (C2-A2)d
Navajo
Caucasian

7.57
7.51

*Significant at the .05 level.
ac1-C2: conventional audiometry on day one minus conventional audiometry on day two.
bA 1 -A 2 : automatic audiometry on day one minus automatic
audiometry on day two.
cc 1 -A1: conventional audiometry on day one minus automatic
audiometry on day one.
dc 2 -A2: conventional audiometry on day two minus automatic
audiometry on day two.

difference score for Caucasian subjects was 3.75 dB under
condition one while the largest mean score was 10.32 dB
under condition three, which the writer again wishes to
point out is a trend in the current study.

The mean dif-

ference (in dB) between the first versus second test for
Navajo subjects ranged from 4.60 dB under condition one to
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9.30 dB under condition three.

These rather large mean

difference scores suggest a trend toward a significant difference in the threshold of the subject's performance on
the first test as compared with performance on the second
test.

Again, as for the two previous test frequencies (250

and 500 Hz), these results tend to indicate that the performance of both races was very similar.
As with the mean threshold differences, the standard
deviations shown in Table 6 range from 4.21 dB to 14.40 dB
for Navajo subjects under test conditions one and three,
respectively.

The Caucasian subjects also demonstrated

very large variance which ranged from 3.17 dB under condition one to 17.76 dB under condition three.
Additional information was obtained by subjecting the
data to Student's "t" test.

The procedure provi<'led a modus

operandi for determining whether the observed differences
in threshold between the original test and the second test
were significantly different.

Table 6 summarizes the "t"

scores for both races at each condition.

The calculated

"t" scores were sufficiently large to exceed the tabulated
"t" values at each condition except for Caucasian subject
performance under condition three (comparison of conventional audiometry on day one to automatic audiometry on day
one).

Therefore, the null hypothesis should be rejected

for both races at each test condition with the above mentioned exception,

The <'lifference between means for Cau-

casian subjects under condition three was not shown to be
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significant, and thus, for Caucasian subjects under condition three the null hypothesis cannot be rejected at the

.as

level of confidence.
Results of the analysis of variance technique are

shown in Table 7 and as shown, the computed F values for

Table 7.

Summary of analysis of variance data for two
races, four test conditions and interaction between conditions and race at 1000 Hz-left ear

Variables

df

Race
Condition
Interaction
Experimental Error

1
3
3
112

Mean Squares

F

.017
1.95
.021

1.63
188.42
2.03
96.63

*Significant at the .05 level.

all three variables (race, condition and interaction)
failed to exceed the tabulated F values.

It is not poss-

ible, therefore to reject the null hypothesis at the .05
level of confidence for any variable and one must conclude
that the performance of the races under each of the four
test conditions was not significantly different.

The races

performed very similarly when administered the tests and
retests under each condition.

Figure 6 shows, in graphic

form, the mean difference scores for both races at each
test condition.

This figure should help the reader visual-

ize that almost no difference existed between the performance of the

races~

they responded almost equally.

Also, as
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Mean di~ference scores (in dB) for Navajo and
Caucasian subjects under each of four test conditions for 1000 Hz-left ear

the conditions changed, the races responded almost identically.
Thus, one can conclude with a reasonable amount of
certainty that the two races performed almost identically
under each of the test conditions, that threshold levels
for subjects of both races remained quite stable from the
original test to the second test under each of the four
test conditions and that fluctuations in comparative tests
were not great enough to be measured by the statistical
tools employed as significant at the 5 percent level.
2000 Hz-left ear
The fourth frequency to be discussed is 2000 Hz.
tone was presented to the left ear.

The

Results are shown in

Table 8 which contains the mean difference scores, standard
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Table 8.

Mean difference scores, standard deviations and
"t" scores for Navajo and Caucasian subjects
under test conditions one, two, three and four at
2000 Hz-left ear

Mean differences
in dB

calculated

.. t ..
tabulated

3.91
1.88

3.07*
3.62*

2.080
2.201

6.09
7.32

4.18*
2.45*

2.080
2.201

5.59
19.08

4.18*
1.58

2.080
2.201

3.52
18.06

5.79*
1.65

2.080
2.201

Standard
Deviation in dB

•t•

Condition one (C]-C21a
Navajo
Caucasian

2.62
2.05

Condition two !AJ-A2)b
Navajo
Caucasian

5.54
5.42

Condition three (C]-AJlc
Navajo
Caucasian

5.10
9.07

Condition four (C2-A21d
Navajo
Caucasian

4.43
9.00

*Significant at the .os level.
ac 1 -c2: conventional audiometry on day one minus conventional audiometry on day two.
bAl-A2: automatic audiometry en day one minus automatic
audiometry on day two.
cc1-A1: conventional audiometry on day one minus automatic
audiometry on day one.
dc2-A2: conventional audiometry on day two minus automatic
audiometry on day two.

deviations and "t" scores obtained by Navajo and Caucasian
subjects under the four test conditions of this study.
As can be seen through examination of Table 8 the difference in dB between the means of the first and second
tests ranged from 2.05 dB under condition one to 9.07 dB
under condition three.

Both extremes are for Caucasian

54

s ub j ec t s.

The mean difference in threshol d performanc e for

Navajo s ubjects ranged from 2.62 dB (condition one) to 5.54
dB (condition two).

However, test-retest comparisons for

b oth races slightly exceed or are within ± 5 dB except under
c onditions three and four for Caucasian subjects.
The standard deviations computed for this data (2000 Hz
-left ear) are also summarized in Table 8.

The smallest

s tandard deviation for Navajo subjects was 3.52 dB under
test condition four with the largest deviation (6.09 dB) under condition two.

The smallest and largest standard devia-

t i ons for Caucasian subjects were 1.88 dB and 19.08 dB under
test conditions one and three, respectively.
Further interpretation of the above findings was made
possible through application of Student's "t" test.

This

test provided the examiner with a technique for determining
the sig nificance of observed differences between the first
and second test for each condition.

The reader should keep

in mind when examining Table 8 that its contents are not a
direct comparison between the two races involved.

The cal-

c ulated "t" values for Navajo subjects under each test condition (3.07, 4.18, 4.18 and 5.79, respectively) exceed the
tabulated "t" value (2.080) necessary to show significance
at the .05 level of confidence.

This means that the thres-

hold of the first test deviated from the threshold of the
second test by a sufficient amount so as to be shown significant by the statistical analysis employed.

Statistical

sig nificance (at the .05 level) was also found under test
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conditions one and two for Caucasian subjects.
c onditions three and four,

Und er test

however, the calculated "t" value

(1.58 and 1.65) did not exceeo the tabulated "t" value (2.
201) necessary to show significance at the .05 level of confi d ence.

It can be concludeo that the means are sufficient-

ly <'liscrepant (between the first ann second tests) to be
c onsidereo statistically significant (.05 level) at each of
the four test conoitions for Navajos, and for conditions one
and two for Caucasian subjects.

Therefore, the null hypo-

thesis or the hypothesis of no differences can be rejected
at these conditions.

However, the null hypothesis cannot be

rejected under conditions three and four for Caucasian subects.

The reader will note the large variances present for

Caucasian subjects under conditions three and four.

It can

be postulated with a reasonable degree of certainty that the
non-significance, as noted, is related to these very large
variances.
To determine whether the test performance of the two
races was significantly different, the data gathered for a
test frequency of 2000 Hz in the left ear was subjected to
the analysis of variance procedure.

This analysis also

yielded information regarding test performance when test
conditions were changed and also whether changing test conditions had a significant effect on the test performance of
each

race~

that is, did changing from condition one to con-

dition two, three and four cause the threshold to fluctuate
sig nifi c antly?

These results are shown in Table 9.
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Table 9.

Summary of analysis of variance d ata for two
races, four test conditions and interaction between conditions and race at 2000 Hz-left ear

Variables

df

Race
Condition
Interaction
Experimental Error

1
3
3
120

F

Mean Squares

1.42
1.72

111.09
134.62
52.05
78.29

.~65

*significant at • 05 level •

Examination of Table 9 reveals that the test performance of the two races was not significantly different.

The

performance of the two races was almost identical under
condition one.

Performance was again very similar under

condition two.

Figure 7 shows the mean differences ob-

tained under each condition.

It can be seen from Figure 7

that the lines on the graph are almost superimposed between
conditions one and two.

A greater amount of discrepancy is

s hown between the mean performance values for the two races
under conditions three and four, but as

pointe~

out in

Table 9, the oiscrepancies are not statistically significant.

Table 9 also shows that as the experimental treat-

ment (conditions) changed no significant effect on performance of the races was demonstrated.

Greater mean differ-

ences were present under conditions three and four for Caucasian subjects than for Navajo subjects.

These differ-

ences were not shown to be significant at the .05 level of
confidence.

Therefore, since there was no statistical ev-
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Mean difference scores, (in dB) for Navajo and
Caucasian subjects under each of four test conditions for 2000 Hz-left ear

idence to show significant dissimilarity, the null hypothesis which asserts that the difference between sample
means is equal to zero cannot be rejected.
4000 Hz-left ear
The fifth frequency to be discussed is 4000 Hz.

Data

relative to the test results at 4000 Hz in the left ear are
presented below.

The mean nifference scores, stannard de-

viations and "t" scores obtained by Navajo and Caucasian
subjects under the four test conditions of the study are
tabulated in Table 10.

Examination of the table reveals

that the smallest mean difference in dB for both races was
obtained under test condition one where the differences
were 4.91 dB and 4.34 dB for Navajo and Caucasian subjects,
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~able

10 .

Mean differe nc e scores, standard d eviations and
"t" scores for Navajo and Caucasian s ubjects
under test conditions one, two, three and four
at 4000 Hz-left ear

Mean differences
in dB

Standard
Deviation in dB

"t "

ca lculat ed

tabulated

Condition one (CJ-C2)a
Navajo
Caucasian

4.01
3.42

1' .36*
s. 54*

2.052
2.093

7.15
18.39

5.14*
3.98*

2 .0 52
2.093

6 . 70
19.48

5.81*
2 .95*

2. 052
2.093

9. 74
11.45

4.79*
4.90*

2.052
2.0 93

4.91
4.34

Condition two (AJ-A:~)b
Navajo
Caucas ian

7.07
16 . 80

Co ndition three (Cl-Al)C
Nav ajo
Caucasian

7.4 8
13.20

Condition four ~c;::-A 2 )d
Navajo
Caucasia n

8.98
12. 86

*Significant at the .05 level.
ac1-c 2 : conventional audiometry on day one minus conventional aud iometry on day two.
bAl- A2:
automatic audiometry on day one minus automatic
audiometry on day two.
cc1-A 1 : conventional audiometry on day one minus automatic
d
audiometry on d a y one.
C2-A 2 : conventional au~iometry on day two minus automatic
audiometry on day two.

re s pectively.
within the

~

The mean differences under condition one are
~

dB accepted as normal test-retest variation .

Likewise, the smallest variab ility in performance for both
races was demonstrated und er condition one.

The standard

deviat ion between the fir st and second tests rang ed from
4 .01 dB (condition one) to 9.74 dB ( cond ition four) for Nav-
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ajo subjects and from 3.42 dB to 19.48 dB for Caucasian
s ubjects un der conditions o ne and three, respectively.
Further interpretation of the data at thi s test freque ncy (4000 rtz-left ear ) was made possible thro ugh application of Student' s "t" test.
Table 10.

These da ta are also show n in

Th i s techniq ue provided the examiner with a

technique for assessing t he st atistic al significance of the
observed differ ences be tween the fir st and second te st for
each cond ition.

As in prior cases the reader should remem-

ber that the data in Tabl e 1 0 are not a direct comparison
be tween Navajo and Caucasian subjects but rather repre s ent
a comp arison between the thresho ld obtained on the orig inal
t es t with the threshold on the second test.

As the table

reveals, the calculated "t" values under each test condition for both Navajo an d Cauca s ian subjects exceed the
tabulated "t" value s nece s sary to show significance at the
.O S level of confidence.

These findings indicate that the

discrepa ncy in test pe rformance between the two comparative
tes t s was of a sufficient ma a nitude to show significance at
the .OS level of confidence.

Therefore, upon the basis of

this evidence , the null hypothesis must be rejected at each
test condition for both race s and it can be concluded with
r easonab le certainty that differences in threshold perform~nce

as noted in the data are related to the experimental

treatment involved in the four test conditions.

Stated

d i ff erently, d ifferences thi s large would be expected to
re s ult from sampling error in less than 5 percent of the
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samp les collected.

Thus, it i s concluded that the indi-

c ated differences are representative of actual subject
fluctuations.
To make a determination concerning whether or not test
perf orman c e between the race s was significantly different,
the data g at he red for a test frequency of 4000 Hz for the
left e ar was s ubjected to an analysis of variance procedure.
As has b een the cas e in previous examples, the analysi s also
y i e l ded in fo rmation necessary to make the determination
wheth e r or not the effect of chanqino conditions (experimental treatment) had a significant effect upon threshold
diff e rences as measured in the original test and compared to
the s econd test.
Results of the analy s is of variance technique are shown
in Ta b le 1 1.

Table 11.

As can be seen from examination of the table,

Summary of analy s is of variance data for two
races, four test conditions and interaction between conditions and race at 4000 Hz-left ear

Variables

df

Race
Condition
Interaction
Experimental Error

1
3
3
176

Mean Squares
980.74
482.01
203.11
118. n1

F

8.27*
4.06*
1.71

*Significant at .05 level.

threshold performance of the two races was found to be different statistically at the .05 level of confidence.

The F
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score of 8.27 exceeded the tabulated F value (3.84) by a
large margin.

The variable shown in the table as "con-

dition" achieved an F value of 4.06 which was also found to
be significant at the .05 level.

However, it was determined

that the "interaction" variable was not significant.
The basic question considered in the analysis of variance was:

Is the variation great enough to make untenable

the hypothesis that the sample means were fluctuating about
a common mean?

In as much as the derived F scores exceed

the tabulated F scores, it can be concluded that the null
hypothesis should be rejected for the "race" and "condition"
variables.

The null hypothesis cannot be rejected for the

"interaction~

variable which means that there was not a sig-

nificant relationship between the four test conditions and
the performance of the races.
Stated differently, these results indicate that the
mean threshold differences obtained by the Navajo subjects,
at the four test conditions, were markedly different from
the mean threshold differences yielded by Caucasian subjec ts
under the same test conditions.

The response to change in

condition by the two races was very different.

Figure 8

should assist the reader in understanding this fact.

The

Caucasian subjects showed much less stability in threshold
values from test to retest than did the Navajo subjects at
test frequency 4000 Hz for the left ear.

However, as the

reader has undoubtedly noted, threshold fluctuations under
condition one are again within

~

5 dB.

There is a trend for
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Mean difference scores (in dB) for Navajo and
Caucasian subjects under each of four test conditions for 4000 Hz-left ear

relatively good test-retest reliability under condition one,
with the poorest reliability generally under condition
three.

The poorest reliability under condition two seems to

be an exception for this frequency.
6000 Hz-left ear
The sixth frequency to be discussed is 6000 Hz.
tone was presented to the left ear.
deviations,

The

Table 12 shows standard

"t" scores and the mean difference in thresholds

obtained by both Navajo and Caucasian subjects under each of
the four test conditions of this study.
As examination of the table reveals, the mean differences in threshold between the first and second tests are
quite large for both races.

The range for Navajo subjects
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Table 12.

Mean di f ference scores, standard deviations and
"t" scores for Navajo and Caucasian subjects
under test conditions one, two, three and four at
6000 Hz-left ear

Mean differences
in dB

Standard
Dev iation in dB

"t"
calculated

"t"
tabulated

Condition one (CJ-C2)a
Navajo
Caucasian

4.73
4.05

3.49
4.14

7 .18*
4.18*

2.048
2.080

15.43
5.62

3.47*
F..38*

2.048
2.080

15.36
14.95

4.32*
3.27*

2.048
2.080

6. 86
10.83

8.66*
4. 86*

2.048
2.080

condition two IAJ-A2lb
Navajo
Caucasian

10.11
7.82

Condition three (CJ-AJ )C
Navajo
Caucasian

12.53
10.65

Conc]ition four (C2-A:2ld
Navajo
Caucasian

11.22
11.48

*Significant at the . 05 level.
ac1-c 2 : conventional audiometry on day one minus conventional audiometry on day two.
bA1-A 2 : automatic audiometry on day one minus automatic
audiometry on day two.
cc1-A1: conventional audiometry on day one minus automatic
audiometry on day one.
dc2-A2: conventional audiometry on day two minus automatic
audiometry on day two.

is from 4.73 dB under condition one to 12.53 dB under condition three.

The mean difference in performance of Cau-

casian subjects ranged from 4.05 dB under condition one to
11.48 dB under condition four.
The range of the standard deviations is also rather
widespread with Navajo subjects ranging from 3.49 dB under
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condition one to 15.43 dB under condition two and Caucasian
subjects ranging from 4.14 dB under condition one to 14.95
dB under condition three.

The smallest mean differences and

standard deviation scores for the two races were under test
condition one.

As with all othe r frequencies tested in the

left ear, the test-retest reliabi lity under condition one
was within

~

5 dB.

As in prior cases, further i nterpretation of t he nata
obtained at 6000 Hz in the left ear was made possible through
use of student's "t" tests.

The application of Student's

"t" tests revealed that comparison of the mean of the first
test with the mean of the second test yielded differences
which were large enough to be consineren sig nificant at the
.05 level of confidence for Navajo subjects under all four
test conditions .

The same findings were shown for Caucasian

subjects under all four test condition s.

Hence, there

exists a f i rm basis for r eject ing the null hypothesis which
states that the difference between means (first test vs second) is equal to zero.

It can be concluded that rlifferences

in threshold performance are re l ated to the experimental
treatment involved in the four test conditions.

Differences

this large would be expected to result from sampling error in
less than 5 percent of the samples collected.
I n examinin g the data in greater depth, the analysis of
variance technique was employed.
ysis are shown in T able 13 .

The results of the anal-

Examination of the table shows

that mean threshold data was not signif i c a ntly different be-

Table 13 .

Summary of analysis of variance nata for two
races, four t es t connitions ann interaction between connitions ann race at FOOO Hz-left ear

Variables

df

Race
Condition
Interaction
Experimental Error

1
3
3
40

F

Mean Squares
15.23
168.11
69.45
31.92

.477
5.27 *
2.18

*Significant at .05 level.

tween the two races.

When the mean difference scores are

plotted graphically (see Fig ure 9) it is evident that the
ra~e s

performed in a similar manner as test conditions were
In othe r words, th e threshold nifferences are a l-

c han ged.

most the same for the two races at each condition .

The re-

sponse of the Navajo subjects was very similar to the way in
which the Caucasian subjects res ponded when administered the
tests and retests.

However, as test conditions cha nged, so

d id the mean threshold differences.

As revealed by the an-

alysis of variance technique, the differences between test
performa nce (both races) under the four test conditions were
of a sufficient magnitude to be statistically significant at
the .OS level of confidenc e .
The

effe~t

of changing test conditions did not, how-

ever, cause any significant d ifference in the performa nce of
the races.

Therefore, the "interaction" variable is not

shown to be siqnificant and the nu ll hypothesis ca nn ot be
rejected for the "race" and "interaction" variables.

There
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Mean difference scores (in dB) for Navajo and
Caucasian subjects under each of four test conditions for 6000 Hz-left ear

is, however, evidence to allow rejection of the null hypothesis as it relates to the "condition" variable.
Presentation of the Data for Right Ear
The six discussions to follow shall be centered around
the data obtained when testing the right ear.

Presentation

of data shall follow the same format utilized in presenting
the data relative to the left ear, i.e. data shall be presented by frequency ( 25 0 through 6 000Hz).
250 Hz-right ear
The first discussion pertains to the test frequency 250
Hz for the right ear.
Table 14.

PertinP-nt data is presented below in

The table shows mean threshold differences,
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Table 14.

Mean diffe r ence scores, standard deviat i ons and
"t" scores for Navajo and Caucasian subjects
under test conditi ons one, two, three and four at
250 Hz-right ear

Mean differences
in dB

Standa r d
Deviation in ilB

l i t II

ca1cu1aterl

"til

tabulated

Condition one ICJ-C:l)a
Nava jo
Caucasian

3.20
4.8 8

4 .7 8 *
3.98*

2.080
2.160

8.98
12.74

3.66*
3.19*

2.080
2.160

10.45
14.37

3. 95*
3. 75*

2.080
2.160

10.49
7.7 2

4.90*
5 .85*

2.080
2.160

3.33
5.39

Condit ion two IAJ -A:;!)b
Navajo
Caucasian

7.18
11.2 8

Condition three (C1-Al )C
Navajo
Caucasian

9.01
14. 94

Condition four IC2-A:iild
Navajo
Caucasian

11.21
12.52

*Significant at the .05 level.
ac1-C2: convent ional audiometry on day one minus conventional audiometry on day two.
bA1-A 2 :
automatic aud iometry on day one minus automatic
audiometry on day two.
cc 1 -A 1 : conventional audiometry on day one minus automatic
audiometry on day one.
dc2-A 2 : conventional audiometry on day two minus automatic
audiometry on day two.

standard deviations and "t" scores obtained by both Navajo
and Caucasian subjects at each of the four test conditions
of this study.
As can be seen from the table, the mean differences in
threshold between the first and seconil test are quite large
for both races.

The range for Navajo subjects is from 3.33
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dB

un~er

co ndition one to 11.21 dB under

con~ition

four.

The mean d iffere nce in performance of Caucasian subjects
ranged from 5.39 d B under condition one to 14.94 dB under
condition three.
The range of the standard deviations is also rather
wi desp read with Navaj o subjects ranging from 3.20 dB under
condition one to 10.49 dB unde r condition four and caucasian
s ubjects ranging from 4.88 dB under condition one to 14.37
dB under condition three.

The smallest mean differences and

sta ndard deviation scores for the two races were under test
condition one where results of conventional audiometry on
d ay one are compared with results of conventional audiometry
on day two.

As has been the case in previous test frequen-

cies discussed, te s t-retest reliability is generally within

± 5 dB under cond ition one.
Further interpretation of the

~ata

for test frequency

250 Hz-right ear was made possible through use of Student's
"t" test.

When the mean of the first test was compared with

the mean of the second test through use of Student's "t",
differences were found which are large enough to be considered significant at the .05 level of confidence for both
Navajo and Caucasian subjects under all four conditions.
Hence , the data allows rejection of the null hypothesis
which states that the differenc e between means (first test
vs second) is equal to zero.
In examining the data further, the analysis of variance
technique was employed to allow examination of effects due
to variations , in thresholrl performance between the two
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races, threshold f luctuations nue to chang e of experimental
t reatment or condition and thirdly, to allow examination of
the effects due to an interaction between the change of cond itions and performance of the races.

Results of the anal-

ysis of variance are shown in Table 15.

Table 15.

Summary of analysis of variance data for two
races, four test conditions and interaction between conditions and race at 250 Hz-right ear

Variables

df

Race
Condition
Interaction
Experimental Error

1
3
3
131

Mean Squares
284.98
361.78
36.32
91.83

F
3.10
3.94*
.396

*Significant at .05 level.

Inspection of Table 15 will show that performance between the two races was not significantly different.

It is

evident. ·that even though rather large differences were present, which apparently indicate a trend,

(see Figure 10) the

differences were not of sufficient magnitude to be significant at the 5 percent level of confidence.

However, vari-

ations in threshold differences which were manifested by
subjects of both races from one condition to the other conditions were measured and shown to exceed the tabulated F
value necessary to achieve significance at the .05 level of
confidence.

Thirdly, the interaction between race and con-

dition is not of a sufficient magnitude to reach signif-
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Mean difference scores (in dB) for Navajo and
Caucasian subjects under each of four test conditions for 250 Hz-right ear

Therefore, the data allows rejection of the null

hypothesis as it relates to the condition variable, but the
hypothesis cannot be rejecten for the race and interaction
variables.
A summary of the pertinent data for 250 Hz for the
right ear indicates that, although test performance of both
races was very similar, Student's "t" tests indicated the
mean obtained on the original test was significantly different from the mean of the second test (mean threshold difference) at the .05 level of confidence (for all conditions).
The smallest mean threshold difference (for both races) was
under conditon one.

The F tests indicate significant dif-

ferences for the condition variable which measures the effects of changing connitions upon threshold levels.

The
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race and interaction variables were not found to be significant.
500 Hz-right ear
The following discussion pertains to the data obtained
for the right ear under test frequency 500 Hz.

The mean

threshold differences, standard deviations an<'l Ht" scores
obtained by Navajo and Caucasian subjects under the four
test conditions are shown in Table 16.

As Table 16 indi-

cates, the difference in dB between the means of the first
and second tests ranged from 3.60 dB to 9.43 dB for Navajo
subjects under conditions one and four,

respectively.

The

mean threshold difference for Caucasian subjects ranged from
1.88 dB under condition one to 12.18 dB under condition two.
The standard deviations for Navajo subjects also show a
rather wide range of variance.

The range was from 2.51 dB

(condition one) to 9.62 dB (condition four).

Caucasian sub-

jects had a range in standarn deviation scorer-; from 1. 94 dB
(condition one) to 15.50 dB (condition two).

The mean dif-

ferences and standard deviations under condition one are
within

~

5 dB which indicates good test-retest reliability,

but exceed

~

5 dB considerably for conditions two, three and

four.
Data from test frequency 500 Hz yielded additional
statistical information when it was analysed via Student's
"t" test.

This technique made possible a method for compar-

ing the mean of the original test with the mean of the
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Table 16 .

Mean differenc e scores , stand ard devi a t ions a nd
" t " scores for Navaj o and Caucas ia n subject s
under t est conditions one, two, three and four at
500 Hz-right ear

Me a n differences
in dB

Standard
Deviation in dB

"t"
calculated

.. t"
tabulated

Cond it i on one (Cl-C;~la
Nav ajo
Cauc as i an

3 .6 0
1. 8 8

2.51
1.94

7.17*
3.87*

2 . 06 0
2.1 20

8.81
15.50

4.15*
3.14*

2.06 0
2.120

8.51
12.50

5.28*
2.50*

2.060
2.120

9.62
9.57

4.90*
2.93*

2.060
2.120

Cond ition two !AJ - A2lb
Na v ajo
Caucasian

7.31
12.18

Condition three (Cl-Allc
Navajo
Caucasian

8.98
7.80

Condition four !C2-A2ld
Navajo
Caucasian

9.43
7.01

*Significant at the .05 leve l .
ac 1 - c2: conventional audiometry on day one minus conventional audiometry o n day two.
bA1-A2: automatic audiometry on day one minus automat i c
audiometry on day two.
cc1 - A1: conventional audiometry on day one minus automatic
audiometry on day one.
d C2-A2• conventional audiometry on day two minus automatic
audiometry on day two.

s econd test.

These data are also summarized in Table lfi.

When the mean of the original test was compared with the
mean of the second test through Student's Mt" test.

The

smallest "t" score under any of the four test conditions for
Navajo subjects was 4.15 dB where 2.060 is required for sign ificance at the .05 level and 2.50 dB for Caucasian sub-
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jects where 2.120 is required for significance.

Hence, the

results of the findin gs for both races under each of the
four test conditions can be interpreted to mean that a statistically significant difference exists between mean thresholds obtained on the first test ann mean thresholds obtained on the second testr and the null hypothesis, which
asserts that the difference between means is equal to zero,
can be rejected for each condition.
Results of the analysis of variance technique are shown
in Table 17.

Table 17.

Examination of the table reveals that the per-

Summary of analysis of variance data for two
races, four test conditions and interaction between conditions and race at 500 Hz-right ear

Variables

df

Race
Condition
Interaction
Experimental Erz·or

1
3
3
156

Mean Squares
.519
374.92
109.97
85.56

F

.006
4.38 *
1.29

*Significant at the .65 level.

formance of Navajo subjects was not significantly different
from that of Caucasian subjects.

However, a rather large

difference was present under condition two.

This difference

obviously indicates a trendr however, the calculated F value
for the "race" variable did not exceed the tabulated value
and thus, significance (at the 5 percent level) was not
attained.
jected .

The null hypothesis cannot, therefore, be re-
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However, the calculated F value for the "condition"
variable exceeded the tabulated F value; and therefore, the
null hypothesis, which states that the means are equal to
zero, should be rejected at the .05 level of confidence.
The conclusion which emerges is that the performance of both
races under each of the four test conditions was similar
when administered the tests and retests; but as test conditions changed, mean threshold differences varied significantly for both races.
11.

This is shown graphically in Figure

One can assume that the measured fluctuations in mean
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threshold differences are true fluctuations in subject performance and cannot be attributed to sampling error or
chance.
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No meaning ful interaction was demonstrated between the
change of conditions or experimental treatment and the
effect of such change upon the performance of either race.
1000 Hz-right ear
The third frequency to be tested in the right ear was
1000 Hz.

Summarized in Table 18 are the mean threshold dif-

ferences, standard deviations and "t" scores obtained by
Navajo and Caucasian subjects under the four test conditions
of the study.
As can be seen by examination of Table 18, the mean
difference in dB between the first and second tests ranged
from 2.50 dB under condition one to 10.42 dB under condition
three.

Both extremes are for Navajo subjects.

The mean

difference in threshold performance for Caucasian subjects
ranged from 5.38 dB under condition one to 10.05 dB under
condition four.
The standard deviations computed for these data are
also summarized in Table 18.

The smallest standard devi-

ation for Navajo subjects was 2.67 dB under test condition
one with the largest deviation (11.32 dB) under condition
three.

The smallest and largest standard deviations for

Caucasian subjects were 6.61 dB and 16.74 dB under test conditions one and four,

respectively.

As has been the case

for previous frequencies discussed, the mean test-retest
differences and standard deviations have remained fairly
stable under condition one but have demonstrated rather
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Table 18 .

Mean difference scores, standard dev iations and
"t" scores for Navajo and Caucasian subjects
under test conditions one, two, three and four at
1000 Hz-right ear

Mean differences
in dB

Standard
Deviation in dB

"t"
calculated

"t"
tabulated

Condition one (C]-C2)a
Navajo
Caucasian

2.67
6 .61

4.39*
2. 82*

2. 074
2.179

11.21
9.0fi

3.32*
3.03*

2.074
2.179

11.32
16.60

4.32*
1. 93

2. 074
2.179

4.85
16.74

7.55*
2 .0 8

2.074
2.179

2.50
5.38

Condition two (A]-A2)b
Navajo
Cauc asian

7.92
7.93

Condition three (C,-Al)c
Navajo
Caucasian

10.42
9. 24

Condition four (C;a-A2)d
Navajo
Caucasian

7. 81
10.0 5

*Significant at the .05 level.
ac1-c 2 : conventional audiometry on d ay one minus conventional audiometry on day two.
bA1-A2:
automatic aud iometr y on d ay one minus automatic
audiometry on day two.
cc1-A 1 : conventional audiometry on day one minus automatic
audiometry on day one.
d c 2 -A2: conventional audiometry on day two minus automatic
audiometry on day two.

large variation under the other conditions.

This findinq is

not unusual in the current study and thus, one can conclude
with a reasonable degree of accuracy that threshold comparisons between conventional audiometry and automatic recording audiometers general ly have a low correlation.

These

data would also indicate that the test-retest reliability is
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poorer for those conditions which involve the automatic record ing audiometer in any comparison.

These comparisons in-

volve conditions two, three and four in the current study.
Further interpretation of the above findings was made
possible through application of the "t" test.

This test

provided the examiner with a technique for determining the
significance of observed differences between the first and
second test under each condition.

The reader should be

aware, in examining Table 18, that its contents are not a
direct comparison between the two races involved but rather
represents mean threshold differences obtained between two
separate audiometric evaluations as measured relative to the
criteria under a given test condition.

Results obtained for

one race are measured independently of the other.

The cal-

culated "tM values for Navajo subjects under each test condition (4.39, 3.32, 4.32 and 7.55, respectively) exceed the
tabulated Mt" values necessary to show significance at the
.05 level of confidence.

Statistical significance (at the

.05 level) was also found at test conditions one and two for
Caucasian subjects.

Under test conditions three ann four,

however, the calculated "t" values (1.93 nB ann 2.08 flB) did
not exceed the tabulated "t" value necessary to show significance at the • 0 5 level of confidence.

It can be cone 1 uden

that the differences in test performance (between the first
and second tests) were great enough to be statistically significant (.05 level) under all four test conditions for Navajos, and under conditions one and two for Caucasian sub-
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jects.

Therefore, upon the basis of this evidence, the null

hypothesis which states that the mean difference in threshold between the two tests compared under each condition is
equal to zero can be rejected under all conditions for Navajo subjects and under one and two for Caucasian subjects.
However, the null hypothesis cannot be rejected under conditions three and four for Caucasian subjects.
To determine whether the test performance of the two
races was significantly different, the data gathered for
test frequency 1000 Hz in the right ear was subjected to an
analysis of variance procedure.

This analysis also yielded

information regarding the effect of chanaing test conditions
and also whether the effect of changing test conditions had
a significant effect on the test performance of each race,
i.e. did changing from condition one to condition two, three
and four cause the threshold to fluctuate significantly?
The results are shown in Table 19.

Table 19.

Summary of analysis of variance data for two
races, four test conditions and interaction between conditions and race at 1000 Hz-right ear

Variables

df

Race
Condition
Interaction
Experimental Error

1
3
3
128

*Significant at the .05 level.

Mean Squares
30.22
209.74
27.93
1os.2n

F

.287
1.99
.2n5
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Examination of Table 19 reveals that the test performance of the two races was not significantly different.

In

fact, the two races performed identically under condition
two.

The largest difference between the two races was under

c ondition one where the Caucasian subjects achieved a mean
threshold difference score which was 2.88 dB larger than the
Navajo subjects achieved.
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Caucasian subjects under each of four test conditions for 1000 Hz-right ear

sentation of the means obtained for both races under each
condition and shows the manner in which the threshold differences changed as a function of changing the condition.
Examination of Figure 12 illustrates the fact that the
response to change in condition, by the two races, is almost
the same.

The lines on the graph are not largely discre-
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pa nt, b ut tend toward parallelism.

Difference s in thres h ol d

v alues for Navajo s ubjects were almost identic al to those
o btained for Caucasian subjects.

The " race" variable did

not achieve significance.
The two races responded to the chang es in experimental
treatment i n a very similar manner.

The effect of condition

c h a nge upon race performance was not shown to be signifi cant.
No significant relationship between the chang e of conditions and the way in which subjects from one race responded as compared to subjects from the other race was
measured.

Therefore, the "interaction" variable did not

achieve significance at the 5 percent level.
Thus, the three variables measured by the analysis of
variance all failed to exceed the F value necessary to be
sig nificant at the .O S level of confidence.

Therefore, the

null hypothesis cannot be rejected for any of the above mentioned variables.
2 000 Hz-right ear
The following discussion is based upon data collected
for test frequency 2000 Hz in the right ear.

The mean

threshold differences, standard deviations anrl Nt" scores
obtained by both Navajo and Caucasian subjects are summarized in Table 20.

The table shows the test results obtained

under each of the four test conditions for both Navajo and
Caucasian subjects.

As the table reveals, none of the means
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Table 20.

Mean difference scores, standard d e viations and
"t" scores for Navajo and Caucasian subjects
under test conditions one, two, three and four at
2000 Hz-right ear

Mean differences
in dB

Standard
Deviation in dB

lltU

calculated

Utll

tabulated

Condition one (Cl-C~)a
Navajo
Caucasian

3.98
4.93

4.83*
3.21*

2.074
2.201

8.28
13.02

3.66*
2.74*

2.074
2.201

8.80
17.99

4.70*
1.73

2.074
2.201

5.49
15.24

4.95*
2.20*

2.074
2.201

4.09
4.77

Condition two (AJ-A2)b
Navajo
Caucasian

6.49
10.74

Condition three (CJ-A])C
Navajo
Caucasian

8.81
9.37

Condition four (C2-A2)"l
Navajo
Caucasian

5.80
10.06

*Significant at the .05 level.
ac1-c 2 : conventional audiometry on day one minus convenb
tional audiometry on day two.
A1-A2: automatic audiometry on day one minus automatic
audiometry on day two.
cc1-A1: conventional audiometry on day one minus automatic
audiometry on day one.
dc2-A2: conventional audiometry on day two minus automatic
audiometry on day two.

for either race under any of the four test conditions are
particularly close to zero as postulated in the null hypothesis.

The smallest mean difference score for Navajo sub-

jects wa s 4.09 dB under condition one while the largest mean
score was 8.81 dB under condition three.

The mean differ-

ence in dB (between the first versus the second test) for
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Caucasian subjects ranged from 4.77 dB under condition one
to 10.74 dB under condition two.

These rather large mean

difference scores suggest a trend toward a significant difference in the threshold of the subject's performance on the
first test as compared with performance on the second test.
The range of standard deviations was again very large
for both races.

The scores for Navajo subjects ranged from

3.98 dB under condition one to 8.80 dB under condition
three.

Caucasian subjects ranged from 4.93 dB to 17.99 dB

under condition one and three, respectively.

Again, as has

been the case for other frequencies discussed thus far, the
mean test-retest differences and standard deviations have
remained fairly stable under condition one1 however, conditions two, three and four have demonstrated large differences in threshold between the original test and the second
test.

Condition one has been, generally within the

±

5 dB

limits commonly accepted as normal variation for test-retest
reliability.
Table 20 also summarizes "t" scores for both races
under each condition.

All of the calculated "t" scores were

sufficiently large to exceed the tabulated "t" values under
each condition except for Caucasian subject performance
under condition three (comparison of conventional audiometry
on day one to automatic audiometry on day one).

Therefore,

the null hypothesis can be rejected for both races under
each test condition, with the above mentioned exception.
The difference between means for Caucasian subjects at con-
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d ition three was not s hown to be sig nificant: and thus, for
Caucasian subjects under condition three the null hypothesis
cannot be rejected at the

.as

level of confidence.

It can

be postulated that the mean difference scores under condition three for Caucasian subjects did not reach significance due to the very large variance between subject performance which is reflected by the size of the standard deviations.
Results of the analysis of variance technique are shown
in Table 21: and as shown, the computed F values for all

Table 21.

Summary of analysis of variance data for two
races, four test conditions and interaction between conditions and race at 2000 Hz-right ear

Variables

df

Race
Condition
Interaction
Experimental Error

1
3
3
124

F

Mean Squares

1.89
1.40
.328

175.42
130.53
32.50
92.98

*Significant at the .OS level.

three variables (race, condition and interaction) failed to
exceed the tabulated F values.

It is not possible, there-

fore, to reject the null hypothesis at the

.os

level of con-

fidence for any variable and one must conclude that the performance of the races under each of the four test conditions
was not significantly different.

The response by both races

was similar when administered the tests and retests.

Figure

84

13 shows, in graphic form, the mean nifference scores for
both races at each test condit ion.
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Mean difference scores (in dB) for Navajo and
Caucasian subjects under each of four test condit ions for 2000 Hz-right ear

A summary of the pertinent d ata indicates that mean
threshold differences for both races were greater than the
i

5 dB associated with acceptable test-retest reliability.

However, as has been noted for other test frequencies, mean
threshold differences under condition one were within i
for both races.

5 dB

student's "t" test scores for both races

achieved s i qnific ance at the .05 level of confidence under
all cond itions except c ondition three for Caucasian subj ects.

F tests which measure the effects of "race",

"con-

d ition" and the "interaction" between the two effects failed
to exceed the tabulated F value and thus, did not achieve
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s i g nificance for any of the three variables.

Thus, one can

c onclude that there were no significant differences between
Navajo and Caucasian test performance and that the most reliable audiometric measure, for this test frequency at
least, was between repeated conventional audiometric tests.
4000 Hz-right ear
The fifth frequency to be discussed for the right ear
is 4000 Hz.

Data relative to the mean threshold differ-

ences, standard deviations and "t" scores obtained by both
Navajo and Caucasian subjects under the four test conditions
of the present study are shown in Table 22.

Examination of

the table reveals that the smallest mean difference in dB
for both races was obtained under test condition one.

The

mean difference in dB for Navajo subjects ranged from 3.85
dB under condition one to 11.13 dB under condition three.
Caucasian subjects ranged from 3.57 dB (condition one) to
11.34 dB (condition four).
Likewise, the least variability in subject performance
for both races was demonstrated under condition one.

The

standard deviation between the first and second tests ranged
from 3.04 dB (condition one) to 10.39 dB (condition three)
for Navajo subjects, and from 2 .80 dB to 17.72 dB for Caucasian subjects under conditions one and four, respectively.
Further interpretation of the data at this test frequency (4000 Hz-right ear) was made possible through application of Student's "t" test.

This technique provided the
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Table 22.

Mean threshold differences, standard deviations
and "t" scores for Navajo and Caucasian subjects
under test conditions one, two, three and four at
4000 Hz-right ear

Mean differences
in dB

Standard
Deviation in dB

"t"
calculated

••tu
tabulated

Condition one (CJ-C2)a
Navajo
Caucasian

3.85
3.57

3.04
2.80

6.22*
5.84*

2.064
2.080

7.99
9.25

5.57*
3.51*

2.064
2.080

10.39
12.60

5.25*
2.73*

2. 064
2.080

7.36
17.72

4.94*
2.94*

2. 064
2.080

Condition two (AJ-A2)b
Navajo
Caucasian

9.08
7.09

Condition three (CJ-AJ)c
Navajo
Caucasian

11.13
7.52

Condition four (C;rA2)d
Navajo
Caucasian

7.42
11.34

*Significant at the .05 level.
ac1-C2: conventional audiometry on day one minus convenb
tional audiometry on day two.
A1-A 2 : automatic audiometry on day one minus automatic
audiometry on day two.
ccl-Al: conventional audiometry on day one minus automatic
audiometry on day one.
d
C2-A2: conventional audiometry on day two minus automatic
audiometry on day two.

examiner with a technique for determining the statistical
significance of the observed differences between the first
and second test for each condition.

As the table reveals,

the calculated "t" values under each test condition for both
Navajo and Cauc;asian subjects exceeded the tabulate<'l "t"
values necessary to show significance at the

.os

level of
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confidence.

These findings indicate that the discrepancies

between the two comparative tests were great enough to
achieve statistical significance.

Therefore, upon the basis

of this evidence, the null hypothesis can be rejected at
each test condition for both races.

It is concluded that

such large differences in threshold are a measurement of
actual subject fluctuations.

However, it should be pointed

out that the mean threshold differences measured under condition one are within the

±

5 dB which has been commonly

associated with test-retest reliability.
To determine whether or not test performance between
the races was significantly different, the data gathered at
4000 Hz for the right ear was subjected to the analysis of
variance procedure.

As mentioned previously, this analysis

also yielded information regarding test performance when
test conditions were changed and also whether the effect of
changing test conditions had a significant effect upon the
performance of each race, i.e., did changing from condition
one to conditions two, three and four cause the threshold to
fluctuate significantly?
Results of the analysis of variance technique are shown
in Table 23.

As can be seen from examination of the table,

differences in threshold performance between the two races
demonstrated statistical significance at the .05 level of
confidence.

The F score of 5.36 exceeded the tabulated F

value of 3.84 by a large margin.

The reader will note that

the graph (see Figure 14) does not demonstrate larger mean
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Tab le 23 .

Summa ry of a nalysis of va rian ce data fo r two
races, f ·our test con<'litions an<'l interaction between conditions and race at 4000 Hz-right ear

Variables

df

Race
condition
Interaction
Experimental Error

Mean Squares

1

3
3
152

99.38
57.27
29.58
18.55

F

5.3fi*
3.09*
1.60

•significant at a the .05 level.

threshold differences between Navajo and Caucasian subjects
for this frequency (4000 Hz-right ear) than those associated
wit h some of the other test frequencies, for example, 6000
Hz-right ear.

However, the reader should note the consider-

ably larger within groups (variance) mean square obtained
for 6000 Hz-right ear.

The within groups mean square for

this test frequency (4000 Hz-right ear) is very small and
i ndicates that the variance within groups is considerably
les s than the variance between groups; and thus, the data
have yield ed an unusually large F value which has exceed ed
the necessary value to achieve significance at the .05 level
even though the mean thresholo

~ifferences

for Navajo sub-

jects were not considerably greater than the mean threshold
differences obtained by Caucasian subjects.
The variable shown in the table as "condition" achieved
an F value of 3.09 which also exceeded its tabulated value
of 2.60 and was shown to be significant at the .05 level.
However,

it was determine<i that the "interaction" variable
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was not significant.

Therefore, the null hypothesis can be

rejected for the "race" and "condition" variables but cannot
be rejected for the "interaction" variable.
These results indicate that the mean threshold differences obtained for the Navajo subjects, at the four test
conditions, were significantly different from the mean
threshold differences yielded by Caucasian subjects under
the same test conditions.

The response to chanqe in con-

dition by the two races was also shown to be significantly
different.

Figure 14 should assist the reader in analysing
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these data.
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Mean difference scores (in dB) for Navajo and
Caucasian subjects under each of four test conditions for 4000 Hz-right ear

The Navajo subjects showed a greater vari-

ability in their thresholds, as the conditions changed, than
did the Caucasian subjects which appear to have remained
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somewhat more stable throughout the administration of the
four tests.

An exception is noted for condition four where

Ca ucasian subjects demonstrated smaller mean threshold differe nces than did Navajo subjects.
6000 Hz-right ear
The last discussion of data relative to a specific test
frequency shall be centered around data obtained at 6 000 Hz
for the right ear.

The data is summarized in Table 24.

The

table shows mean threshold differences, standard deviations
and "t" scores obtained by both Navajo and Caucasian subjects under each of four test conditions of this study.
As examination of the table reveals, the mean differences in dB between the first and second tests are quite
large for both races.

The range for Navajo subjects is from

3.33 dB to 8.13 dB under conditions one and three, respectively.

The mean difference in performance of Caucasian sub-

jec ts ranged from 6.45 dB ot 13.44 dB unrler conditions one
and four,

respectively.

The obtained standard rleviations also show rather large
v ariances with Navajo subjects ranging from 3.18 dB under
condition one to 7.39 dB under condition three and Caucasian
s ubjects ranging from 4.49 dB under conrlition one to 20.21
dB under condition four.

The smallest mean differences and

s tandard deviation scores for the two races were under test
condition one, where the mean threshold differences are with
the acceptable limits of

z

5 dB for Navajo subjects.

Cau-
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Table 24.

Mean threshold differences, standard d eviations
and "t" scores for Navajo and Caucasian s ubjects
under test condition s one, two, three and four at
6000 Hz-right ear

Mean differences
in dB

Standard
Deviation in dB

"t"
calculated

ut"
tabulated

Condition one (CJ-Czla
Navajo
Caucasian

3.33
6.45

3.18
4.49

5.45*
7. 04*

2.052
2.0fi4

7.12
18.33

4. 9fi*
2.83*

2.052
2.0fi4

7.39
7.15

5. 72*
6.69*

2.052
2.064

7.19
20.21

4.35*
3. 26*

2. 052
2.064

Condition two IAJ-A::db
Navajo
Caucasian

6.80
10.60

Condition three (C]-AJ)c
Navajo
Caucasian

8.13
9.75

Condition four IC2-A~ld
Navajo
Caucasian

6.02
13.44

*Significant at the .05 level.
ac1-C2: conventional audiometry on day one minus conventional audiometry on day two.
bA1-A : automatic audiometry on day one minus automat i.e
2
audiometry on day two.
ccl-Al: conventional audiometry on day one minus automatic
audiometry on day one.
dc2-A2: conventional audiometry on day two minus automatic
audiometry on day two.

casian subjects obtained a mean difference score which is
slightly larg er than 5 dBr but nevertheless, the smallest
mean threshold differences have been consistantly, throughout the current study, under condition one.

One can con-

elude that the best test-retest reliability has once again
been demonstrated under repeated tests with a conventional
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audiometer.
The application of Student's "t" test revealed that
comparison of the mean of the first test with the mean of
the second test yielded differences which were large enough
to be considered significant at the .05 level of confidence
for Navajo subjects under all four test conditions.

The

same findings were shown for Caucasian subjects under all
test conditions.

Hence, there exists a firm basis for re-

jecting the null hypothesis which states that the difference
between means (first test vs second) is equal to zero.
The result of analysis of variance, on data collected
for test frequency nOOO Hz in the right ear, are shown in
Table 25rand as the table reveals, the computed F values for

Table 25 .

Summary of analysis of variance data for two
races, four test conditions and interaction between conditions and race at 6000 Hz-right ear

Variables

df

Race
Condition
Interaction
Experimental Error

l
3
3
204

Mean Squares
62.50
465.30
52.81
190.55

F

.328
2.44
.277

*Significant at the • 05 level •

all three variables (race, condition and interaction) failed
to exceed the tabulated F values.

The writer, therefore,

c annot reject the null hypothesis at the .OS level of confidence for any variable and must conclude that the perform-
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ance of the races was not sig ni f icantly different unr1e r il n y
of the four test conditions.
As shown, the two races performed quite similarly when
adm inistered the tests and retes ts .

Figure 15 shows, g raph-
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Mean difference sco re s (in dB ) for Navajo and
Caucasian subject s under each of four test conditions for 6000 Hz-right ear

ically, the mean threshold difference scores for both races
at the four test conditions.

As the graph demonstrates,

dif ferences between the two races are present, and undoubted ly indicate a trend, but were not found to be significant
at the .05 level of confidence.
Mean threshold differences varied as the experimental
treatment or test conditions changed, i.e. fluctuations in
threshold were different under each of the four test conditions.

These fluctuations were not found to be sia nif-
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i c ant a t the .05 level of
No

~eaningful

con~idence.

interaction was nemonstrated between the

c hange of conditions and performance of the two races.

The

"interaction" was not significant.
A summary of the pertinent nata innicates that mean
threshold differences for both races were greater than the
~

5 dB commonly associated wit h acceptable test-retest re-

liability.

An exception has been noted for Navajo subjects

under condition one for this test frequency (6000 Hz-right
ear).

Caucasian subjects achieved a mean threshold differ-

ence score under condition one which exceeded 5 dB but demonstrated better test-retest reliability than under the
other test conditions.

Student's "t" test scores for both

races achieved significance at the .05 level of confidence
under all conditions.
"race",

F tests which measure the effects of

•condition" ann "interaction" between the two

effects failed to exceen the tabulated F values, ann thus,
did not achieve significance for any of the three variables.
One can conclude that there were no significant differences
between Navajo and Caucasian test performances and that the
most reliable audiometric measure, for this test frequency
at least, was between repeated conventional audiometric
tests.
Delimitations
The writer wishes to call to the attention of the
reader those aspects of the current st udy which, in retro-
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spe c t, a ppear as rather obvious weaknesses and which mig ht
have in some manner affected the results.

It is hoped that

the reader will consider these points in appraisal of these
research findings and avoid the same errors in subsequent
s tud ies relative to the current topic.
Time consuming but perhaps worthwhile insurance would
b e obtained by arranging for each subject to be screened for
intelligence.

A simplified technique for screening intelli-

g ence could undoubtedly be designed to assure the examiner
that each of the test subjects had sufficient mental capacity to comprehend and respond to test instructions in a
mature, serious manner.

The current research did not in-

clude a screening test designeo to approximate the level of
intelligence; and thereby,

"mean threshold differences"

could be considerably enlarged in some instances by one or
more subjects who failed to respond to the pure tone stimulus in the proper way.
A second screening procedure designed to identify subjec ts with central auditory dysfunction or psychogenic deafness would further enhance the validity of the current research.

The examiner could be provided with a guideline

whereby only subjects with peripheral hearing impairments
would be accepted; and thus, a source of highly unreliable
test results would be eliminated from the research data.
It is recommended that,

in a replication of the current

research, efforts be made to obtain . both Navajo and Caucasi.an subjects in a random manner.

The writer feels that
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relying upon Caucasian volunteers (with known history of
hearing impairment) was a limitation of the current research.
In conclusion of this discussion, the writer wishes to
point out that the statistical design utilized in the
current study is rather complex and recommends ample preparation prior to a replication.
Summary
The conventional audiometric technique is defined by
the writer as pure tones presented through an air conduction
receiver with the intensity, frequency and duration of the
stimulus being controlled by the examiner.

Repeated meas-

urement of thresholds via conventional audiometry has been
shown to be within

~

5 dB for the Caucasian population

(Witting and Hughson, 1940).
The Rudmose automatic recording audiometers utilized
were designed to measure thresholds at discrete frequencies.
The subject was in control of an attenuator which determined
the intensity of the stimulus and simultaneously provided a
graph of threshold values.

Research studies have shown the

reliability of this technique to be similar to that associated with conventional audiometry.
The failure rate among Navajo Indian students being
screened with automatic audiometers at the Intermountain
School in conjunction with a research project at Utah State
University has been unusually high.

Subsequent to the orig-
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inal screening in the fall o f 1969 it was determined through
repeat testing that many of the st udents who failed the initial screening were capable of hearing within normal limits
when tested via conventional audiometry.

Therefore, it was

suspected that test-retest reliability between automatic
audiometry and conventional audiometry would be shown to be
quite poor.

Furthermore, the reliability of repeated tests

via automatic audiometry was suspect of being poor.

Thirdly

it was assumed that test-retest reliability associated with
Navajo subjects would be considerably poorer than the reliability associated with Caucasian subjects.
Examination of the data has largely confirmed the first
two assumptions but has essentially refuted the third
assumption.

An overall mean of the threshold differences

(all frequencies combined-left ear) for Navajo subjects
under condition one was 3.93 dB and for Caucasian subjects
3.42 dB.

For the right ear both Navajo and Caucasian sub-

jects ac hieved similar mean threshold difference scores
(3.4 5 dB for Navajo and 4.57 dB for Caucasian).

Mean thres-

hold difference scores under each of the other three conditions were greater than 5 dB, and thus, indicate that
poorer test-retest reliability exists for any of the three
conditions which involve automatic recording audiometry than
for that associated with conventional audiometry.
These data point out that significant threshold variations are present (at some frequencies) when thresholds obtained via automatic audiometry are compared with thresholds
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obtained via the conventional technique an also when results
o f a utomatic audiometry are compared with a replication of
the original test.

Thus, the data has shown that some sig-

nificant variations in threshold were present when test condit ions were changed.

However, the effect of changing con-

nitions or experimental treatments oid not cause significant
differences between the performance of the two races.
The data of the curre nt study noes not support the contention that significant differences exist between the reliability of Navajo Indian subject performance and that associated with performance of Caucasian subjects.

The overall

performance of Navajo subjects was not significantly nifferent from the performance of Caucasian subjects.

The mean

threshold difference values obtained under each of the four
test conditions were quite similar at each test frequency
for both races.

Exceptions (significant differences in per-

form ance) were noted for both the left and right ears at
4000 Hz.
A closer examination of the data for each of the test
frequencies reveals that the test-retest reliability of conventional audiometry (condition one) is largely within the

±

5 dB figure (established by previous research) for both Navajo and Caucasian subjects.

Mean threshold differences

which slightly exceed 5 dB are present for Caucasian subjects at 500, 1000 and 6000Hz (rig ht ear).
Under conditions two, three and four there were only
two instances wherein the test-retest reliability (mean
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thr es hold difference) was less than 5 dB.

There were no

other instances in this study in which the threshold of the
original test was within

± 5 dB of the voluntary threshold

v alues obtained from the second test.
A partial explanation of the discrepancy between prev ious research and the current study may be relaten to the
d ifferences in threshold values obtained via automatic audiometr y which utilizes continuous tones as the stimulus as
compared to automatic recording audiometers utilizing interrupted tones.

Jerger (1962) discovered that, in general,

tracing s for continuous tones did not compare favorably with
those obtained via interrupted tones, and hence, with the
conventional audiogram.

Greater discrepancies were noted at

the higher frequencies which may be casually related to the
mag nitude of the mean threshold differences obtained for
4000 and 6000 Hz in the current study.

Jerger (1962, p. 12)

concluded that for the subjects utilized in his study,

"the

Bekesy audiogram for a continuous tone is not equivalent to
the conventional audiog ram."

The automatic recording aud-

iometers used in the current study produced a continuous
tone which may have had some bearing on the thresholds measured under conditions three and four, since these conditions
are a comparison of the audiogram obtained via conventional
audiometry versus the audiogram obtained via the automatic
recording audiometer.

Additionally, the relatively short

test time of 30 seconds at each test frequency may have
exerted an influence on some thresholds.

Precipitous drops
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in the threshold configuration can cause seve ral s econds
delay wherein the audiometer is trying to produce tones of
s ufficient intensit y to again reach the subject's threshold.
As a r es ult enough time may not be available at that frequency to a llow the subject to accurately plot his threshold
befo re another frequency is introduced and t he problem may
repeat itself.
Occasionally, individual larg e discrepancies were present in the raw data of the current study.

Similar diffi-

culties were noted by Witting and Hughson (1940, p. 268),
"Larg e occasional deviations from the average are experienced and remain unexplained."

Such deviations may con-

tribute considerably to discrepancies present between the
means of repeated tests in the current study.

The total

number of subjects used per frequency was less than 30.
This small "N" may be a significant factor when large individual threshold deviations were present.

The Witting and

Hughson (1940) study involved only 17 subjects but at least
10 audiograms were obtained per subject.

Carhart and Hayes

(1949, p. 1086) used 250 subjects (500 ears) and were careful to exclude patients with psychogenic or central factors
which they felt could produce larqe deviations that would
not actually be "indicative of the reliability of the audiometric technique per se."

These factors were not controlled

in the current research.
It may be worthwhile to point out that although Witting
and Hughson (1940) claim that the inherent error of repeated
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tests is slig htly less than

z

5 nB with error being a

function of frequency and 1000 Hz manifesting the least
error, Ciocco (1937) claimed that 500 Hz shows the least
error and that for 4000 and 6000 Hz normal variation is
closer to 10 dB.
The reader will note a trend in the mean threshold
scores to show poorer test-retest reliability in condition
two (automatic day one vs automatic day two) than in condition one (conventional day one vs conventional day two)
and also poorer reliability in condition three (conventional
day one vs automatic day one) than condition two with some
improvement usually noted at condition four (conventional
day two vs automatic day two).

The writer is currently un-

a b le to explain this phenomenon.

A partial explanation,

however, may be related to the influence of the "practice
effect" or learning upon the thresholds of subjects ducing
the second day of testing.

Assuming that learning did fa-

cilitate better thresholds on day two, mean threshold differences could be made smaller for conditions one, two and
four, but not for condition three.

Thus, the trend for con-

dition three to yield a larger mean threshold difference for
one or both races at a high percentage of test frequencies
may he partially explained.
The writer feels that further refinement of apparatus
and/or procedure beyond that used in the current research
would have been instrumental in producing improved reliability.

Suggestions might include:

careful control
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over the types of hearing impairments inclunen in the study,
screen ing to eliminate psychoge nic deafness or central auditory dysfuntion and at least a screening of intelligence to
assure that the subject is capable of following instructions
adequately.
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SUMMARY AND CONCLUSIONS
The current study was designed to assist in assessing
the reliability of repeated audiometric test measures on
Navajo Indian and Caucasian subjects.

The term reliability

was defined in the second chapter as repeatability of test
scores.

Stated another way, the writer has used the term

"reliability" in the present text as meaning the reproc'lucibility of thresholds when subjects are given hearing tests
in relatively close proximity.

The primary aim of the cur-

rent research was to assess the reliability between repeatec'l
test results utilizing the conventional audiometric technique and the automatic recording technique on consecutive
days, and also, between the two techniques when administered
on the same day.
To make the s e determinations, 30 Navajo and 27 Caucasian subjects ranging in age from 13 to 20 years were tested
with both conventional and automatic recording audiometers.
Both tests were administered on the same day.

In each in-

stance, replications were carried out the following day.
Comparisons of the tests yielded four conditions.

Con-

dition one was a comparison of thresholds obtained via conventional audiometries on the first day of testinq versus
thresholds of the replicated test on the second day.

Condi-

tion two involved the same comparison but thresholds were
obtained using automatic recording audiometers.

Condition
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t h ree wa s a comparis on of thres holds obtained via conventional audiometry versus automatic audiometry on the first
day of testing.

Condition four was exactly the same as con-

d ition three except that the results were obtained on the
second day of testing.
Calibration was checked carefully and noise levels were
measured periodically and found to be within tolerable
limits.
Analysis of the nata compiled suggest the following results:

Under condition one, te s t-retest reliability is gen-

erally within

z

5 dB as suggested by previous research.

Al-

though test results obtained with a conventional technique
on two consecutive days show statistical differences at the
.05 level of confidence when under examination by student's
"t" test, they are generally within the

z

5 dB reliability

figure which is commonly a c cepted for conventional audiometries.

Mean threshold values were generally very similar

for both races under condition one.
Test-retest r e liabilit y under condition two is, without
exception, greater than the commonly accepted
both races.

z

5 dB for

In other words, test results obtained with

automatic recording audiometers on two successive days show
threshold differences which are measured as statistically
significant and also exceed the commonly accepted
fi g ure associated with conventional audiometry.

z

5 dB

Thresholds

obtained with automatic recording audiometers have been demonstrated as being equally reliable to thresholds obtained
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with t he conven t ional

metho~

when the aut omat i c in st rume nts

prod uc e interrupted tone s , but h ave been que s tio ned when
c on t in uo u s tone s are prod uc e d .

The Rud mos e units utilized

in the c urrent stud y produc e a c ontinuous tone.

Thus,

thre shold d ifferences under cond itions three and four would
b e expected to be somewhat larger than either condition one
o r two.
Cond it i on t h r e e al s o shows po o rer reliab i lity t han

~

5

dB wh i ch ind i c ates t h at t he reliability between the c onvent i onal aud iometric method and automati c rec ord i ng method excee ds the

~

5 dB which is c ommonly a cc epted for the c onven-

tio nal method .

Statis ti c all y s i 9 nificant differen c es were

al s o demon s trated .

This findin g may be partially explained

by Jerg er' s (19 6 2) finding that aud iog rams obtained utilizi ng a cont i nuous tone rathe r than an interrupted tone with
the automatic record i ng aud iometer did not accurately represe nt the conventional audiog ram.
Cond itio n f o u r s ugg e s t s that somewhat b etter testr e test reliability was g enerall y pres ent than that estab li s hed und er condition three.

Inasmuch as c ond ition four is

a repli c ation of condition three, sm a ller mean threshold
d ifferenc es under condition four may indicate that s ome
learning effect had occurred and influenc ed the thresholds
obtained on the second day of testing.
T h us, the upward slope of the g raph s (indicating larg er
d i f ferences b etween the comparative test measures) plotted
in F ig ures 4 through 15, wit.h a slight j_mprovement under
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cond ition f our, may b e

re l ate~

in part to the influence of

learning whic h was manife s ted by the g enerally smaller
thresholn nifference s obtained on the seconn nay of testing.
s uch results would have a direct improving influence on the
mean threshold differences obtained for each condition except for condition three which generally demonstrates the
poorest test-retest reliability.
The data was subjected to additional investigation
throug h the double classification analysis of variance which
determined the effects on voluntary threshold values relative to the four test conditions.

In general, F values,

which were computed to determine the effects that changing
conditions would have upon the performance of the races,
were well below the tabulated F values.

The calculated F

values indicate that Navajo s ubjects responded to the auditory tests as did Caucasian subjects.

Exceptions were ne-

monstrated at 4000 Hz for both right and left ears.

Signif-

icant differences between performance of Navajo subjects
versus Caucasian subjects were not demonstrated.
However, differences in test vs retest thresholds were
found to be present at some test frequencies.

These niffer-

ences were found to be related to the change in conditions.
That is, under different test c onditions, significant fluctuations in subject (generally of both races) thresholns
were measured.

For example, under condition one the Navajo

subjects might have a threshold difference which is almost
identical in mag nitude to the Caucasian subjects.

Under
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condit ion three threshold differences for both races might
again be almost identical in magnitude.

Thus, there has

been no significant difference in the performance of the
races.

However, a large difference in threshold values may

be present between conditions one and three.

Thus, a thres-

hold difference score of 2.0 dB under condition one may be
significantly different from a score of 11.0 dB under condition three.

Again, the difference is because the experi-

mental treatment (condition) in some way caused a threshold
fluctuation to occur in subjects of both races.
signif icant difference is

measure~

Hence, a

between conditions one

and three, but non-significance between performance of Navajo versus Caucasian subjects.

These fluctuations were a

function of frequency.
It should be pointed out that the present study was not
designed to determine the influences which affect thresholds
in the sample populations but rather to determine if, in
fact, the test-retest reliability was within the commonly
accepted limits as established by previous research.
There was no instance in this research project wherein
there was a statistically significant "interaction" between
the "race" variable and the "condition" variable.

Thus, the

change of condition was not shown to have a significant
effect upon the performance of the two races or vice versa.
More specifically, the questions outlined in the first
chapter of the present study are discussed below:
1.

What is the audiometric pure tone air conduction
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test- r etes t

r e li a bi l i ty of Navajo Ind ian subj ects u s ing a

c on ventional pure t o ne aud iometer?
Test-retest reliability ha s been demonstrated as being
with in t h e acceptable limits of
Both right
2.

± 5 d B for Navajo subject s .

and left ears meet the standard.

What is the test-retest reliability of Navajo

Indian subjects uning an automatic recording aud iometer?
Without exc eption at an y t e st frequency for either ear,
the mean threshold differences for Navajo Indian subjects
e xc eeded the commonly accepted limits of

± 5 dB.

Reli-

ability for an aud iometric rec ording audiometer which produc es a c ontinuous tone was demonstrated as being less
a c ceptable than that associated with a conventional technique in the current s tudy.
3.

Are t es t

results the same with the automati c audi-

ometer a s with the conventional audiometer when both tests
are administered on the same d ay to Navajos?
No, the results are not the same.

The magnitude of the

mean threshold differences have been shown to be almost
double with an automatic recording audiometer as with a conventional audiometer.
4.

What i s test-retest reliability of Caucasian sub-

jects using a conventional pure tone audiometer?
The results indicate that responses from the left ear
of the Caucas ian subjects were within the acceptable
limits.

± 5 dB

However, for the right ear responses, exceptions

were noted at 2 50, 1000 and 6 000 Hz.

Generally speaking ,

it
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appears that the reliability is very near the acceptable
limits.
5.

What is the test-retest reliability of Caucasian

subjects using an automatic recording audiometer?
Without exception at any te s t

frequency for either ear,

the mean threshold differences for Caucasian subjects exceed ed the commonly accepted limits of

± 5 dB.

Reliability

for an automatic recording audiometer which produces a continuous tone was demonstrated as being less acceptable than
that associated with a conventional technique in the current
study.
6.

Are test results the same with the automatic audi-

ometer as with the conventional audiometer when both tests
are administered on the same day to Caucasians?
The results are not the same.

The magnitude of the

mean threshold differences have been shown to be almost
double with an automatic recording audiometer as with a conventional audiometer.
To summarize, these results do not support the thesis
that the Navajo subjects selected for the present study respond ed in a different manner when given auditory tests of
both the conventional and automatic recording varieties than
did Caucasian subjects when g iven identical tests.

Poor

test-retest agreement was demonstrated in several instances,
but was not confined to Navajo subjects.

Thus, one can in-

terpret these findings in the following ways:

first,

large

threshold differences were present under each of the four

110
cond itions1 second, these thres hold d ifferences were not
g enerally a function of race1 t h ird, the best reliability
was almost exclusively demonstrated when comparing thresholds obtained via the conventional technique1 fourth, obtaining thresholds with an automatic recording audiometer
which produces a continuous tone for the auditory stimulus
will yield poorer thresholds than when using the conventional technique1 and fifth, utilizing an automatic recording audiometer (which produces a continuous tone) for
screening purposes, although an unquestionably good technique for saving time, will often exaggerate the degree of
hearing loss present and be costly in terms of number of
subjects failed and time necessary to administer more comprehensive audiometric te s ts.
In view of the above findings which suggest that thresholds obtained with automatic recording audiometers (which
produce continuous tones) are poorer than when obtained via
t he conventional audiometric technique, the writer wishes to
make two brief but practical sugg estions:

1.

Automatic re-

cording audiometers such as those used in the current research should not be used for screening hearing without full
understanding that thresholds thus obtained may be poorer
than absolute thresholds by as much as 10 dB.

2.

Consider-

ation should be given to adapting such automatic recording
audiometers so as to produce an interrupted rather than a
continuous tone.

Modification of such electroacoustic

equipment could undoubtedly be accomplished quite easily by
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electronics firms.

Similar results could probably be

achieved on units currently in clinica l use, with a relative
degree of ease, by those cli nicians skilled in psychoacoustics and electronics.

An interrupted tone would be

valuable in that it would likely make possible the recording
of thresholds more similar to those obtained via the conventional method and simultaneously reduce the number of normal
hearing subjects failing mass screening programs.
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APPENDIXES

llfi

Appendix A

Instructions for Automatic Recording Audiometry

(Verbal portion of the instructions taken from the
video tape recording)
We'd like to test your hearing, but before doing that
you need to know exactly what you're supposed to do during
the

test~

so let's take a little bit of time at this point

and go through the instructions.
The first thing you need to do is take off your glasses
so that the earphones will fit tight.

The second thing that

needs to be done is for you girls to smooth your hair back
around your ears so that there is no hair between your ear
and the earphones.

When you take your seat, you will find a

pair of red and blue phones in front of you on the desk.
You should put the red phone on your right ear and the blue
phone on your left ear so that they just fit over your ears.
If they don't quite fit, be sure to let us know and we'll
adjust them either up or down so that they fit properly.
When you get the phones on you'll see a red button.

It

looks something like this one here (demonstration).

You are

to push this button with your hand, and this is the way you
do it.

After you get the phones on and after you get the

button all ready to use, we'll start the test.

Very soon

after we start the test you'll hear a low pitched whistling
sound.

It is a very soft, quiet sound--kind of a "whistle"

sound.

As soon as you hear that sound (it's very, very soft
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and little and small), I want you to push the button down.
I want you to keep the button pushed down; don't let go of
the button until the sound is all gone.

When the sound has

gone away and you do not hear it any more and it is all off,
then you can take your finger off the button.

As soon as

you take your finger off the button, the sound will start to
come back (demonstration).
again, push the button.

As soon as you hear the sound

When it's gone, release it.

As

soon as you hear it, push it; as soon as it is gone, release
it.

That is all you have to do.
Don't let the sound get loud not even a little bit loud

before you push the button.

If you do,

like you don't hear very well.

it'll make it look

I want you to push the

button as soon as you hear it, when it is a very, very soft,
little sound.

Release the button as soon as the sound is

gone.
The first sound you hear will be low pitched sound,
kind of a (whistle) sound.

After about half a minute it

will switch up to a little bit higher (whistle) and higher
(whistle).

After we get all through testing in the left

ear, we will switch to the right ear and do exactly the same
thing.

Do you have any questions?
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Appendix B

Instructions for Conventional Audiometry

We're going to test your hearing again, except we are
going to do it just a little bit differently this time.

You

put on the phones exactly the same way that you did with the
other little machine.

Now the task that is yours this time

is for you to raise your hand every time you hear a little
beep sound.

The tone this time will be very short.

Each

time you hear it, raise your hand.
We'll start the tone quite loud so you can get a good
idea of what it is that you are supposed to hear.
they're going to get softer and softer and softer.
time you hear a tone, raise your hand.

But
Now each

If you don't hear

it, don't raise your hand.
Let's give you an idea of what type of tone you're
going to hear.

When you hear it, raise your hand (tone).

When it goes off, take your hand down.
it (tone), raise your hand.

As soon as you hear

(Demonstration with tone).

Okay, that's one sound that you will hear.
Here is another tone that you'll hear (tone) (tone)
(tone).

Here is a third tone that you'll hear (tone)

(tone).

Now we'll start the tones out quite loudly and give

you a good idea of what you're supposed to listen for, but
they are going to get softer and softer.
creasing tones) and so forth.

Like this (de-

We'll decrease it until we

reach the point where you cannot hear it.

The thing we are
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real ly trying to find i s the point where you can just
bare l y, barely hear.

That means that you are going to have

to listen very, very closely.

I want you to be sure you

hear the tone before you raise your hand.
But remember that some of these tones are going to be
ve r y , very soft and you'll have to listen very closely.
you hear it, raise your hand.
ra i se your hand.

If

If you don't hear it, do not

Do you have any questions?
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